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EDITORIAL 


More than a decade has passed since d-tubo- 
curarine chloride was introduced into clinical 
practice. This drug was the precursor of a 
revolution in anaesthetic technique, and there 
will probably be few who would deny that the 
changes it initiated have been for the general 
good. 

These years have also been characterized by a 
spate of investigational work the like of which 
had not been seen ever before in the history of 
the specialty. One reason among many for this ic 
that the mode of action of d-tubocurarine 
chloride and other relaxant drugs which have 
been evolved has a significance far beyond their 
clinical use. From the time of Bernard the early 
work into the cause of the paralysis brought about 
by curare was hampered by the impurity of the 
raw material—little different from the original 
arrow poison. The availability of pure alkaloids 
happens also to have coincided with great ad- 
vances in those electronic techniques associated 
with this type of research, and so pharmacolo- 
gists and anaesthetists have been able to contri- 
bute to fundamental knowledge of the events 
which occur during the passage of impulse from 
the motor nerve to the muscle fibre and from the 
preganglionic to the postganglionic neurone. 
These events fall into a neurohumoral scheme 
which, although varied in detail in different 
parts of the nervous system, maintains a 
recognizable pattern throughout. But always 
it has seemed that Claude Bernard was correct 
in limiting the paralysant action of curare to the 
myoneural junction and that the central nervous 
system was unaffected. 

In the first paper of this issue, Dr. Foster 
describes cases in which it seems beyond doubt 
that curare had a depressant effect on the central 
nervous system. This observation has a wide 


significance which he has indicated in his dis- 
cussion. To clinicians, certainly, his report is of 
the greatest importance and should lead to the 
utmost caution when relaxants are to be given 
to poor risk patients in whom electrolyte 
imbalance is present. 

Other workers (Hunter, 1956; Dripps, 1953) 
have drawn attention to the possibility of elec- 
trolyte imbalance affecting the sensitivity of 
patients to relaxant agents, but they have been 
concerned mainly with prolongation of the 
peripheral paralysis. The alteration in the per- 
meability of the blood brain barrier which Dr. 
Foster postulates in these cases, appears to be 
particularly connected with loss of potassium. 
This hypothesis, with further observation, may be 
found to be applicable to other drugs which are 
normally excluded from action on the central 
nervous system. 
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THERE can be no anaesthetist who will not mourn, 
almost as a personal loss, the passing of Dr. 
Arthur Guedel. So many of us have been brought 
up on his celebrated book Inhalation Anaesthesia, 
and inspired by it to greater enthusiasm and care 
in “the daily task, the common round ”. The 
signs and stages of anaesthesia are out of fashion 
and may seem to have little practical application 
in the conditions provided by modern anaesthetic 
techniques, but the capacity for careful observa- 
tion which led to their definition is more than 
ever necessary and few will be found to have their 
powers in this direction so well developed as Dr. 
Guedel. His name is sure of perpetuation as long 
as the need for anaesthesia exists. 
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POTASSIUM DEPLETION AND THE CENTRAL ACTION OF 
CURARE 


BY 


PATRICK A. FOSTER 
Department of Anaesthesia, University of Liverpool 


PELOUZE and Bernard (1850) first des- 
cribed the peripheral nature of curare 
paralysis. Further investigation, begun in 
1852 by Claude Bernard, demonstrated 
the action of curarine to be at the neuro- 
muscular junction (Bernard, 1856). Thus, 
one hundred years ago, the idea crystal- 
lized that the central actions of curare 
were unimportant or nonexistent, and was 
given form by such statements as “ Mais 
c’est le contraire qui a lieu, et le curare 
n’a que l’apparence d’étre un agent anes- 
thétique, car l’animal sent, mais il ne peut 
pas le manifester ” (Bernard, 1857); and 
“ La sensibilité est conservé dans l’empoi- 
sonnement par le curare; mais cette sensi- 
bilité est muette, elle a perdu tous ses 
moyens d’expression qui sont les nerfs 
moteur ” (Vulpian, 1856). In this way was 
curare relegated to a class of drugs having 
only a peripheral action in the animal 
body, and even today is so classified, 
despite abundant pharmacological evi- 
dence of its central effect in experimental 
preparations, notably described by Salama 
and Wright (1950, 1952b), whose work 
was in a tradition dating back to Tillie 
(1890), of Edinburgh, the first to suggest 
a similarity between strychnine and 
curare. 

In doses employed clinically curare 
generally appears to have purely, or 


largely, a peripheral action. The purpose 
of this paper is to describe the circum- 
stances in which such doses may produce 
an apparent central effect, abnormal and 
sometimes fatal, presenting as a particular 
syndrome. 


CLINICAL EVIDENCE 


Initially, it was through the use of an 
extremely simple anaesthetic technique 
(Gray, 1954) that it became apparent that 
curare might indeed have a central action 
in some patients. In this technique the 
patient is allowed to breathe oxygen from 
a Magill semi-open rebreathing attach- 
ment of a Boyle’s machine in order to 
displace lung nitrogen. Following this, 
nitrous oxide with about 25 per cent 
oxygen is given: when consciousness is 
lost, a full paralysing dose of d-tubo- 
curarine chloride (dTC) of 25-35 mg 
given intravenously allows easy endo- 
tracheal intubation. By this means hypoxia 
is avoided, a high partial pressure of 
nitrous oxide in the lung alveoli ensures 
rapid loss of consciousness, and the least 
possible disturbance of the myocardium 
and medullary centres results. Controlled 
ventilation is always used with these doses 
of relaxants, which, are supplemented 
during anaesthesia to maintain the apnoea. 
At the end of operation the paralysis is 
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reversed by intravenous atropine followed 
by adequate doses of neostigmine. The 
rapid elimination of nitrous oxide (Fink, 
1954, 1955; Kety, 1950) means that 
consciousness is rapidly regained after 
operation, normally within 5—10 minutes 
of discontinuing the anaesthetic. Any 
unduly prolonged period of unconscious- 
ness thus indicates depression produced by 
another factor—in this technique it can 
only be the dTC or possibly the neostig- 
mine. 

The frequency of the type of reaction 
to be described must vary, in that it seems 
to be related to hypokalaemia, thus 
depending on the pre-operative replace- 
ment of body electrolytes and water in 
depleted patients. Present experience sug- 
gests this reaction to be commoner than 
the myasthenic hypersensitive response, 
for the detection of which a test dose of 
antidepolarizing relaxants is recom- 
mended (Gray and Halton, 1948). 

The following illustrative case reports 
fall naturally into two groups. 


FATAL CASES 


CasE 1. A man of 78 years was treated for 8 days 
in a medical ward for chronic intestinal obstruction 
caused by a carcinoma of the pelvirectal junction. 
This was precipitated into an acute obstruction by 
the use of barium in X-ray studies. He became 
grossly distended and vomited considerable amounts 
of fluid which were inadequately replaced with saline 
and dextrose. 

He was presented for emergency surgery dehydrated, 
and with electrolyte depletion—serum Na _ 130.5 
mEq/1., K 3.2 mEq/1., Cl 82.4 mEq/l. His blood urea 
had recently risen to 115 mg per cent. 

Premedication was with atropine 0.6 mg and mor- 
phine 10 mg. 

The patient was given oxygen to breathe for several 
minutes and then nitrous oxide and oxygen (6 1./min 
and 2 I|./min respectively). Simultaneously an intra- 
venous test dose of 5 mg dTC was given. This did 
not evoke an abnormal depression of breathing, so 
that a further 25 mg was given as consciousness was 
lost, and the patient intubated. He was so restless— 
moving his arms and legs, shaking his head, opening 
his eyes, and breathing—that within 10 minutes a 
further 10 mg of dTC was given. This had little 


immediate effect, but after about 10 minutes again 
he suddenly became quiet, remaining thus throughout 
the operation, Towards the end a further dose of 10 
mg dIC was given during closure of the very dis- 
tended abdomen. This total dose of 50 mg dTC spread 
over 14 hours operating time is not considered unusual 
for the technique employed. 

Faint respiratory movements were present at the 
end of operation, so atropine 1.2 mg was given intra- 
venously, followed by neostigmine 5 mg for reversal 
of curarization. The effect was barely perceptible. A 
further dose of 2.5 mg neostigmine was given after 
4 hour, and this dose was repeated at hourly intervals. 
In the meantime, other resuscitative measures were 
tried, including nalorphine, Megimide (bemegride), 
nikethamide, alterations in inspired carbon dioxide 
tension, inflation with pure oxygen, intravenous 
potassium infusion, and intravenous noradrenaline 
infusion when it was found that his blood pressure 
had fallen to about 65 mm Hg systolic, (On admission 
his blood pressure had been 200/100 mm Hg.) None 
of these measures produced more than a mild tran- 
sient response, bemegride being the most effective. 
After the last dose of neostigmine, when 15 mg had 
been given altogether over 3 hours, respiration 
virtually ceased. Despite prolonged ventilation with 
oxygen, his unconsciousness persisted, together with 
inadequate respiration and hypotension that responded 
but poorly to noradrenaline infusion. He died about 
14 hours after the operation. Postmortem did not 
reveal any immediate cause of death: apart from the 
carcinoma and a polyp of the colon, he had secondary 
metastatic deposits in the liver, gross coronary 
atheroma, nodular goitre, and multiple small areas of 
old cerebral softening. There was no evidence of 
recent C.N.S. or myocardial damage. 


Comment. In the absence of other 
evidence of poor renal function, the raised 
blood urea was taken to indicate low 
excretion through dehydration. This de- 
hydration may also have led to mislead- 
ingly high serum electrolyte levels; he 
had been in negative electrolyte balance 
for some time. Proportionately there was 
a far greater fall of serum potassium than 
of sodium and chloride. 

It might be said that hypotension 
accounted for his death, but it would 
certainly not account for his clinical state 
before death. The postmortem findings 
give no support to this view. 

This case indicates that there may be 
a danger in giving repeated doses of 
neostigmine, should the initial dose be 
ineffective. 
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Case 2. A young man of 23 years, who at the age 
of 17 years had been found to have tuberculosis of 
the left kidney and epididymis, with right hydro- 
nephrosis, suggestive of back pressure. Accordingly 
a left nephrectomy was done, and the right ureter 
transplanted into the colon. Recovery from this at 
first seemed good, although his blood urea was a 
little raised. Later, over the years, there appeared 
signs of a metabolic disturbance; he lacked energy, 
his legs were painful, he became acidotic, and a 
generalized skeletal osteoporosis appeared. It was 
deemed desirable to correct this metabolic disturb- 
ance, and he was readmitted to hospital in July 1955 
for a further operation at which his remaining ureter 
was reanastomosed to his previously defunctioned 
bladder through a loop of ileum. Before this opera- 
tion his pre-existing acidosis had been corrected to 
54 vol per cent CO,, serum Na, K, Ca, and Cl 
levels were within normal limits, and serum urea was 
75 mg per cent. The anaesthetic was induced with 
thiopentone and dTC, maintained with nitrous oxide, 
oxygen, and dTC, and reversal of paralysis at the 
end was satisfactory with atropine and neostigmine. 
After this his general condition at first improved, but 
then he began to deteriorate despite a good urine 
output. He became acidotic, potassium loss was 
marked and progressive, whilst a much smaller sodium 
loss occurred, and chloride was well maintained. The 
blood urea level rose slowly. At first the acidosis was 
corrigible with oral sodium and potassium bicarbonate, 
but he continued to decline, latterly noticing weak- 
ness of his hands and blurring of vision. 

Therefore, a revision operation was undertaken five 
weeks after the recent anastomosis, at which the rela- 
tively simple procedure was undertaken of trans- 
planting the ileal loop with ureter attached from the 
bladder to an opening on the abdominal wall. 

Before operation he was weak, acidotic, listless, 
anaemic (Hb 78 per cent); no recent serum electrolyte 
levels were known, and he was accepted as a bad 
anaesthetic risk in a surgical emergency. 

Premedication was with 0.6 mg atropine. During 
pre-oxygenation a test dose of 2.5 mg dTC was given 
without evidence of sensitivity. When nitrous oxide 
had produced unconsciousness, 25 mg dTC was given, 
and intubation was easy. At the end of operation, 
reversal of curarization with 1.2 mg atropine followed 
by neostigmine 5 mg was barely apparent. Nitrous 
oxide was later discontinued, but consciousness did 
not return. 

At this time the idea was entertained that this was 
an abnormal response to the relaxant brought about 
by potassium loss. No further neostigmine was given, 
and after a blood sample revealed 29.4 vol per cent 
CO,, Na 117.4 mEq/l, K 1.8 mEq/l. Cl 91.5 mEql., 
urea 135 mg per cent, intensive intravenous therapy 
with potassium and sodium lactate was instituted. 
Later blood transfusion was given, and it became 
necessary to maintain his blood pressure with nor- 
adrenaline. 

After nearly 10 grams of intravenous potassium 
chloride had been given over about 12 hours, some- 
times with e.c.g. signs of toxic hyperkalaemia, the 
serum level had risen to 2.44 mEq/l. There was now 
some evidence of lightening coma with improved 
respiration. Urine output was good (urine K 46 mg 
per cent, urea 124 mg per cent). Eventually he died 
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about 28 hours after operation. There was no relevant 
abnormality at autopsy. 


Comment. The first revision operation 
was, in a way, a control for the second. 
The major recordable differences between 
the two were the increasing acidosis and 
the great fall in potassium blood level. 
These two usually go hand in hand, the 
former causing the latter (Wright, 1952). 
This seems to incriminate hypokalaemia 
in the genesis of the abnormal response. 

Anaesthetics have been successfully 
given in the presence of far higher blood 
urea levels. Indeed, the chief significance 
of such raised levels is that they potentiate 
and prolong the action of barbiturates and 
thiobarbiturates (Dundee, 1956), neither 
of which had been used. This metabolic 
disturbance is not felt to relate to the 
cause of death. 

One possible danger of large intravenous 
doses of potassium is illustrated, as well 
as a clinical impression of improvement 
produced thereby. 


Case 3. A man of 64 years with advanced carcinoma 
of the stomach had been inadequately treated with 
potassium-free fluids for a week before palliative 
gastro-enterostomy was to be performed. Two days 
before operation the serum electrolytes were all within 
normal limits, but the presence of a blood urea of 
115 mg per cent suggested dehydration, confirmed 
from clinical appearance, and there was anaemia. On 
these findings, his fluid intake was greatly raised, 5 1. 
fluid being the positive balance over the next 48 hours. 
Therefore he probably came to operation with low 
potassium levels, since this element had not been 
given, and with an increased anaemia. The day before 
operation his level of consciousness was described as 
“ poor. 

Despite a premedication of atropine 0.6 mg only, 
he was nearly unconscious on arrival in the aneas- 
thetic room. He was pre-oxygenated, a test dose of 
20 mg gallamine was given, this succeeded by a further 
100 mg after unconsciousness followed the use of 
nitrous oxide. Intubation was easy, relaxation good 
throughout. The usual dose of drugs for reversal of 
paralysis was ineffective at the end of an operating 
time of a little less than an hour. Unconsciousness, 
respiratory depression, and hypotension were marked 
and persisted after all anaesthetic agent was eliminated. 
Due to the falsely optimistic result of his previous 
blood electrolye estimation, no potassium was given; 
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a noradrenaline drip was used to maintain blood 
pressure, and he died 12 hours after operation. 

Postmortem he was found to have a carcinoma 
of the stomach, and some pulmonary oedema, with 
posterior consolidation of both bases, but no evidence 
of the immediate cause of death and no visible lesion 
on sectioning the brain. 


Comment. Gallamine was used here 
because the possibility of an abnormal 
relaxant reaction was anticipated; the 
work of Salama and Wright (1952a) 
suggested that this drug might be expected 
to have a weaker and more evanescent 
central action than dTC. However, their 
experimental observation did not seem to 
be applicable here, since the abnormal 
reaction produced appeared similar to 
those seen after dTC. 


Case 4. A man of 36 years who had had signs of 
increasing intestinal obstruction for the past eight 
days, with recent vomiting and gross distension. 
Peripheral circulatory failure was apparent upon his 
emergency admission to hospital for laparotomy. He 
was sOmewhat restored with intravenous saline, pre- 
medicated with atropine 0.6 mg and morphine 10 mg, 
and anaesthesia was induced with thiopentone 200 mg 
and suxamethonium 100 mg. After intubation, when 
respiration had begun to return, he was given 35 mg 
dTC, pethidine 20 mg, and maintained unconscious 
with nitrous oxide and oxygen. He was found to have 
a generalized peritonitis caused by perforated diverti- 
culitis of the pelvic colon. During operation the blood 
pressure fell, being corrected by two intravenous 
injections of 5 mg methamphetamine. 

Reversal was attempted with intravenous atropine 
0.8 mg followed by two doses of 2.5 mg neostigmine. 
Respiration remained shallow, being assisted, using 
oxygen only. Further doses of neostigmine were given 
until by an hour after operation he had received 
20 mg! 

Although no serum electrolyte levels were known, 
it was thought certain that this man had a degree of 
potassium depletion. Thus, 3 hours after operation 
he was started on an intravenous infusion containing 
2 grams potassium chloride, and noradrenaline, given 
over 2 hours. After the blood pressure had responded 
to the vasopressor, 100 mg hydrocortisone was also 
added. The hypotension first responded, and later the 
respiration started to improve; after 14 hours his tidal 
volume was judged adequate; a little later he awoke, 
suddenly. 

He was returned to his ward with oxygen mask, 
and the intravenous infusion still running, containing 

now noradrenaline and 250 mg aminophyllin. He 
was confused, restless, and with some moist sounds 
at the lung bases (over-rapid transfusion?). He 
relapsed and died a little over an hour later. The 
manner of his passing was not witnessed by a 
competent observer. 
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Comment. The multiplicity of agents 
used and the lack of biochemical evidence 
makes this report less instructive. How- 
ever, it seems reasonable to suggest that 
hypokalaemia was present in this man. 
The response of the blood pressure before 
the use of hydrocortisone might indicate 
that acute adrenal cortical insufficiency 
was not involved. 

Adrenal cortical hormones are known 
to lower serum potassium both by 
increased elimination in the urine and also 
by a shift of this element from the blood 
to other body fluid spaces. Such a shift 
may cause paralysis in susceptible indivi- 
duals (Pudenz et al., 1938). If potassium 
depletion is concerned in the genesis of 
abnormal responses to relaxants, then 
perhaps the use of cortisone and hydro- 
cortisone may be contra-indicated during 
anaesthesia with relaxants if there is hypo- 
kalaemia. That this danger exists has not 
yet been proved, but it would seem wise 
to give intravenous potassium during the 
6-8 hours of these hormones’ influence in 
such patients. 


Case 5. A year before the present incident a woman 
of 52 years had had a left radical mastectomy for 
a spheroidal cell carcinoma. This was followed by 
radiotherapy, the radiologist further reporting that 
five months after her operation there was no evidence 
of metastases in bone or lung. 

Eleven months after operation she had deteriorated, 
with metastases visible on X-ray in her ribs and 
lumbar spine. It was proposed to remove both ovaries 
and the right adrenal gland initially, later her left 
adrenal gland. Blood chemistry on admission was 
Na 152 mEgq/I., K 4.3 mEq/1., Cl 100 mEq/I., N.P.N. 
35 mg per cent. 

A routine pre-operative course of cortisone was 
started: after the initial 100 mg her e.e.g. was recorded 
and found to be abnormal by virtue of excessive 
widespread slow activity. 

On operation day it was found that no blood had 
been cross-matched for her use, and the procedure 
was postponed for four days. The full pre-operative 
cortisone schedule was then repeated, so that when 
she finally came to surgery she had had 650 mg in 
the previous five days. In all this time a constant 
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watch was kept on her serum potassium; it varied 
between 4.5 and 5.2 mEq/l. 

Premedication was with atropine 0.6 mg and 
morphine 10 mg. 

Induction was with 400 mg thiopentone and 30 mg 
dTC. After this intubation was difficult due to active 
closure of the jaw and active movements of the vocal 
cords. Relaxation was poor—5S0 mg dTC had been 
given in the first } hour and a further 10 mg within 
the next 4+ hour. For this reason a little ether was 
added to the closed circuit, producing better operating 
conditions. 

Near the end of the operation, and a good while 
after the addition of ether, the blood pressure suddenly 
fell. It had been well maintained before, nor was any 
fault of carbon dioxide elimination or hypoxia to be 
incriminated. The collapse was “ peripheral” in the 
limb vessels rather than “central” in the carotid 
arteries. Intravenous noradrenaline easily corrected 
this; there had been minimal blood loss. When respira- 
tion had begun to return, reversal of curarization was 
attempted with atropine 1.2 mg followed by 5 mg 
neostigmine. This was without effect on respiration, 
and there was no sign of awakening. Two further 
doses of 5 mg neostigmine were given within the 
next half hour without effect. The blood pressure was 
now becoming increasingly difficult to maintain with 
noradrenaline. 

This unconsciousness persisted, the respiratory 
depression remained, and the peripheral blood pressure 
became increasingly refractory to noradrenaline. She 
died 11 hours after the start of the anaesthetic. Final 
measures before her death included 20 mg methoxa- 
mine and 100 mg hydrocortisone intravenously. No 
potassium was given since her postoperative serum 
level of this was found to be 5.2 mEq/1. 

It was specially recorded that although respiration 
was so shallow and jerky that it required assistance, 
cyanosis did not readily appear when assistance 
ceased. (This has been noted in at least two other 
patients in this series.) 

The autopsy revealed widespread metastases of the 
liver, lungs, and pleura in addition to the bony 
involvement. A careful search revealed no such 
deposits in the brain. 


Comment. Here the dTC resistance 
might be ascribed to liver damage from 
extensive replacement by malignant 
tissue: unfortunately, no liver function 
tests were carried out, and the level of 
serum pseudocholinesterase was unknown. 
However, other elements in her story sug- 
gest that this was not the cause of death. 

The dose of cortisone would appear 
large for a subject such as this patient and 
liver damage may have potentiated the 
activity of the hormone. Large doses of 
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ACTH or cortisone may induce a psy- 
chotic state with e.e.g. abnormalities, both 
of which are readily corrected by giving 
potassium (Danowski and Tarail, 1953). 

Despite the use of ether, a recovery of 
some respiration at the end of operation 
suggests that it had been largely elimin- 
ated, and was not directly concerned in 
the fatal outcome. 


NON-FATAL CASES 


Case 6. A woman of 41 years had had a long history 
of Crohn’s disease with much surgery, and, for the 
past three weeks, had experienced increasing intestinal 
obstruction, culminating in acute pain with vomiting 
on the day before her admission to hospital. Her 
blood investigations then showed Na 132.6 mEq/l. 
K 3.7 mEq/I., Cl 99 mEq/l. P.C.V. 53 per cent, 
Hb 121 per cent; she was dehydrated. 


Replacement fluid was 500 ml saline and 1,500 ml 
dextrose 5 per cent in water over 12 hours, so that 
she presented for operation well hydrated, with normal 
serum Na and Cl levels, but a low serum K of 
3.5 mEq/l., and no evidence of acidosis. 

Premedication was with atropine 0.6 mg and 
morphine 10 mg, after which she arrived in the 
anaesthetic room in a state of extreme and unusual 
apprehension, despite her many previous surgical 
experiences. A test dose of 5 mg dTC was given, 
and this produced a profound and striking change in 
her mood. She became less talkative, tranquil, drowsy, 
and perhaps a little confused, in addition to exhibiting 
the expected partial ptosis. After 5 minutes she com- 
plained of some difficulty with breathing. Despite this 
a further 20 mg dTC was given, followed by 200 mg 
thiopentone for induction. Intubation was unusually 
difficult. Jaw relaxation was poor, and there were 
active movements of the vocal cords, head, arms, 
opening the eyes, and active breathing. After about 
10 minutes of controlled ventilation with nitrous oxide 
and oxygen these active movements ceased, but 
35 minutes after induction a further dose of 10 mg 
dTC was given since she was breathing deeply. It 
was noticed that this second dose, which stopped 
movements of the limbs as well as the breathing, also 
abolished a previously present corneal reflex, and 
rendered the pupillary light reflex sluggish. These two 
signs of central activity returned pari passu with the 
respiration. During the operation the diseased part 
of the small] intestine was resected, followed by end- 
to-end anastomosis. Measured blood loss was 10 oz 
(300 ml), the only replacement being 300 ml of 
dextrose 5 per cent in water. 

Reversal was adequate with neostigmine, although 
the onset of its action was a little slow. The usual 
signs of awakening did not appear for at least 45 
minutes after discontinuing the anaesthetic—the total 
anaesthetic time had been 2 hours. Her blood 
cholinesterase was normal. 
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Comment. This woman had been 
extremely active and fit before her admis- 
sion, presenting at operation as a nearly 
pure potassium deficiency uncomplicated 
by any other metabolic disturbance. 

The action of the test dose of dTC on 

respiration would appear to have been a 
central (subjective) rather than a peri- 
pheral affair. The maintenance dose of the 
drug given during the operation again 
seemed to have produced a deepening of 
the central depression already produced 
by the nitrous oxide. 
Case 7. A woman of 45 years was admitted to hospital 
as an emergency with acute intestinal obstruction and 
vomiting of 24 hours’ duration. Since it was a Sunday 
evening no pre-operative biochemical investigations 
were done. An intravenous saline infusion was started 
at the same time as the premedication of atropine 
0.6 mg and morphine 10 mg. She was alert and co- 
operative immediately before operation. 

A test dose of 10 mg dTC was given. After 2-3 
minutes she started to struggle and appeared uncon- 
scious, without lash or corneal reflexes. She was 
intubated without additional drugs, then maintained 
anaesthetic with nitrous oxide and oxygen. She 
required very large doses of dTC for continued relaxa- 
tion—about 5 mg every 10 minutes to a total of 70 mg 
for an operation lasting an hour. 

Reversal of curarization with the usual dose of 
atropine followed by neostigmine was satisfactory, but 
there was prolonged postoperative sleep. Questioned 
the following day, she had no remembrance of her 
induction or intubation. 

Twelve hours after her operation blood taken for 
biochemical analysis showed CO, 64 vol per cent, 
NA 134 mEgq/1., K 3.33 mEq/I., Cl 100 mEq/I., urea 
56 mg per cent. 


Comment. This is thought to provide an 
unequivocal instance of a central action 
of dTC in clinical dose. The connection 
with potassium loss is reasonably clear. It 
is more difficult to explain the extreme 
and persistent dTC resistance, although 
the explanation of Dundee and Gray 
(1953) that this may be due to a low serum 
pseudocholinesterase might be applicable. 
Unfortunately, through error, this investi- 
gation was omitted in the immediate post- 
operative period. 


Case 8. A healthy and active man of 60 years was 
brought to surgery for routine herniorrhaphy. Pre- 
medication had been with promethazine 25 mg and 
atropine 0.6 mg. A test dose of 5 mg dTC produced 
very pronounced ptosis. Induction was with 25 mg 
dTC followed by 250 mg thiopentone. Intubation was 
relatively easy, but despiie this he retained full muscle 
power in his arms, carrying out purposive movements 
—putting his hand to his face, and grasping a hand 
placed in his own. This persisted for about 10 minutes 
after induction, thereby affording several observers 
the opportunity to test the strength and purposeful 
nature of his grasp. 

As this seemed to be an abnormal response, blood 
was immediately taken for biochemical tests. These 
showed that the serum Na, Ca, Cl, alkali reserve, 
and pseudocholinesterase were all well within normal 
limits, but that the serum K was inexplicably low at 
3.9 mEq/I. In addition, his blood sugar was unchanged 
before, during, and 1 hour after anaesthesia at 100 mg 
per cent. The operation lasted 1 hour and a further 
20 mg dTC was given. He started to breathe at the 
end of the operation; the usual dose of neostigmine 
after atropine resulted in satisfactory reversal, but he 
slept on for more than 30 minutes after the anaesthetic 


had ended. 

Comment. Questioning later disclosed 
nothing in the past history of the patient 
or his family to indicate a disease resemb- 
ling familial periodic paralysis which may 
be associated with unexplained falls in 
serum potassium. 

It is of interest to note that although a 
small lowering of the serum potassium was 
the only positive finding here, it did not 
seem to have produced a peripheral sensi- 
tivity to dTC, but rather a central effect. 

The stable blood sugar is thought to 
indicate, inter alia, that no great error of 
anaesthetic technique was made which 
might have been held responsible for the 
initial struggling and the prolonged period 
of postoperative unconsciousness. 

This case probably represents the 
mildest form of this abnormal response 
with relaxants seen with hypokalaemia. 
Many observers may have noted that 
patients who might be expected to be 
sensitive to anaesthetic agents because of 
preceding vomiting prove to be 
unexpectedly “tough,” at least during 
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induction. Present experience suggests 
that the non-fatal reaction may be seen 
without hypokalaemia, for instance, in 
severely jaundiced patients. 


GENERAL CLINICAL PICTURE 
In reviewing these case reports, and 
other unpublished observations, a general 
clinical pattern appears, on which the 
following description is based. The divi- 
sion into two groups falls naturally: 


Group I. 

This includes patients who have had a 
brief episode of potassium loss—lasting a 
day or two, often with dehydration. Typi- 
cal in this class would be the acute high 
intestinal obstruction, or the patient in- 
volved in the metabolic disturbances 
appearing in the first few days after 
surgery (Le Quesne, 1954). 

In addition, a similar effect has been 
seen in acutely jaundiced patients. In one 
at least the blood pseudocholinesterase 
level was normal. 

Into this group would fall those patients 
with unexplained low serum potassium 
levels. 

The clinical response to relaxants 
includes: 

(a) No peripheral hypersensitivity to a 
test dose of dTC. Drowsiness distinct from 
ptosis may be sought after the test dose, 
but is often an unreliable sign. 

(6) A full curarizing dose evokes 
increased motor activity — generalized 
struggling, purposive movements of the 
arms and hands, breathing, and even 
opening of the eyes. This “excitement 
phase” is usually transient, lasting about 
10 to 15 minutes. 

(c) The blood pressure is normal or may 
be raised. 
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(2) Normal doses of relaxants are 
needed during surgery. 

(e) Reversal of curarization with neos- 
tigmine is satisfactory, although the effect 
may be a little slow in onset. 

(f) Unusually prolonged postoperative 
drowsiness is a feature. 

In all these people the potassium deple- 
tion is thought to be largely of the extra- 
cellular space only. 


Group II. 

There may not be a clear dividing line 
between the two groups, postoperative 
depression becoming more and more pro- 
longed and deep until it is found 
irreversible. 

This second group includes patients 
who have had prolonged unreplaced loss 
of potassium, either by vomiting, diarr- 
hoea, or loss into the “ third fluid space” 
within the gut in paralytic ileus. Any 
form of gross metabolic disturbance may 
fall within this category (e.g., diabetic 
ketosis), and it may be possible to induce 
a suitable state of depletion therapeuti- 
cally with special diets, kation exchange 
resins in the sodium phase, or with some 
steroid hormones. Since the kidney is 
unable to conserve potassium as it does 
sodium, prolonged maintenance on potas- 
sium free intravenous fluids without other 
overt loss may lead to severe depletion. 

The duration of loss in persons in this 
group has generally been about one week. 
The intracellular space thus might be 
significantly depleted of potassium. 

The clinical response to relaxants 
includes: 

(a) Again no peripheral hypersensitivity 
to the test dose of dTC. 
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(6) Following the full curarizing dose, 
there may be a marked “excitement 
phase”’ followed by a prolonged, and 
perhaps permanent, phase of quiescence. 
There is a real danger here of interpreting 
the poor relaxation of the “ excitement 
phase ” as an indication for increasing the 
dose of relaxant. However, the apparently 
most seriously depleted patients did not 
show any significant “excitement.” 
Whether this indicates a heightened cen- 
tral susceptibility, or whether it reveals 
that the neuromuscular junction had 
become more sensitive, is a problem 
requiring further investigation. 

(c) The phase of “ depression,”’ which 
seems to appear in all after a variable 
period, will include hypotension. 

(d) The total need for relaxant during 
the operation is definitely less—in fact the 
induction dose may provide several hours’ 
complete relaxation. 

(e) Reversal with neostigmine virtually 
does not occur. Increasing the dose of this 
antidote had the appearance of increasing 
the depression. 

(f) Postoperative unconsciousness is 
prolonged in a manner which cannot be 
accounted for by the anaesthetic agents 
employed, nor on the degree of surgical 
trauma. Death commonly follows signs of 
increasing C.N.S. depression many hours 
after the elimination of any volatile agents 
used. 

The patients that died presented such 
a constant group of symptoms that special 
mention should be made of this. 

This “ syndrome ” comprised the triad 
of: 

(1) Persistent unconsciousness after elimi- 
nation of the anaesthetic agents (as 
distinct from the relaxants). 
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(2) Persistent hypotension that responded 
increasingly poorly to intravenous 
noradrenaline. (Case 1 required 
16 mg/1.) 


(3) Persistent inadequate respiration. In 
at least some of the patients the 
respiratory pattern did not resemble 
that of curarization, in that it was 
well co-ordinated but entirely insuffi- 
cient. The term “miniature 
respiration” is excellently descrip- 
tive. 

Despite the fact that the foregoing 
description of an abnormal relaxant 
response must explain many “ anaesthetic 
deaths,” very little seems to have been 
recorded on this, or any other connection 
between dTC and hypokalaemia. The 
present trend to anaesthetic techniques 
employing minimal doses of depressant 
drugs with larger doses of relaxants may 
possibly increase the importance of this 
hazard and its recognition. 

That a small excess of potassium can 
antagonize the action of dTC at the neuro- 
muscular junction is generally accepted. 
The observation was first made by Wilson 
and Wright (1937) and has been well 
documented since by various methods 
(Bacq and Goffart, 1939; Hadju et al., 
1950; Liet al., 1952; Hazard et al., 1954). 
Although the subject of controversy, dTC 
appears to limit the potassium loss during 
excitation of the neuromuscular junction 
(Fenn, 1940; Fenn et al., 1951) or when 
this loss is produced by the depolarizing 
muscle relaxants (Klupp et al., 1954) 
which can increase potassium loss over the 
whole area of end plate and adjacent 
muscle that they depolarize (Zaimis, 
1954). 
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Again, muscular paralysis and abnor- 
mally low levels of extracellular potassium 
frequently co-exist, although this is not 
invariable (Danowski et al., 1949). Hypo- 
kalaemic paralysis may, however, not be 
due to an effect on muscle or neuro- 
muscular junction, but to an effect on the 


C.N.S. (Pudenz et al., 1938). No special 
investigation could be found of the effect 
of dTC at the myoneural junction of the 
potassium depleted skeletal muscle, 
although it may be relevant to note that 
lowering the extracellular potassium of 
cardiac muscle alters the range and nature 
of its sensitivity to acetylcholine (Graham, 
1949). 

Thompson and Price (1941) found 
that improvement by neostigmine of 
myasthenic symptoms (which in many 
ways resemble curarization) followed 
more closely the effect of the drug on the 


blood potassium than on the blood 
cholinesterase level. In rats, neostigmine 
was found to raise muscle potassium. 


Thus it seems that hypokalaemic 
paralysis (associated with curariform 
paralysis by a tenuous connection) may 
not result from a peripheral action only. 
Clinical reports may add further enlight- 
enment, especially those suggesting a 
central action of relaxants, sometimes in 
association with hypokalaemia. 

One of the earliest of these was by 
Whitacre and Fisher (1945), who pro- 
duced loss of consciousness and analgesia 
with Intocostrin in three patients. Two of 
these had had severe haemorrhage. From 
their account it seems unlikely that un- 
controlled respiratory depression was a 
factor in producing the unconsciousness. 

Mahfouz (1949) recorded a case where 
intravenous dTC produced immediate 
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convulsions in a schizophrenic, which he 
presumed was a central action. 

Harris and Dripps (1950) recorded four 
cases who showed prolonged respiratory 
depression after decamethonium. This, 
they considered, suggested a depressant 
action on the C.N.S., returning respira- 
tion being, on occasion, associated with 
returning consciousness. 

Foldes and co-workers (1952) recorded 
two cases who showed severe residual res- 
piratory depression after using benzo- 
quinonium. Both were dehydrated, with 
signs of potassium lack, and improved 
with rapid intravenous infusion of potas- 
sium chloride. 

Dripps (1953), in discussing abnormal 
responses to curare, noted that excessive 
respiratory depression may be seen in 
patients with potassium lack. This might 
be a peripheral effect on muscle, but he 
produced evidence that dTC also pro- 
duced central effects: movement of all 
four limbs, or normal neuromuscular 
transmission (shown by direct nerve 
stimulation) may be present with pro- 
longed apnoea and unconsciousness. He 
stated “ the conclusion seems inescapable 
that in some patients respiratory depres- 
sion need not be associated with block of 
nerve muscle conduction.” 

Little and his associates (1953), in one 
of the earlier accounts of the use of suxa- 
methonium, reported the observation of 
central respiratory depression on four 
occasions. They suggest that these cases 
were different from the prolonged apnoeas 
associated with low pseudocholinesterase 
levels, especially as there were signs of 
peripheral muscular activity during the 
respiratory depression. They noted swal- 
lowing, winking, and purposive move- 
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ments of the arms that appear similar to 
incidents recorded in the present series of 
cases. 

Abbott and co-workers (1954) reported 
a case of a man with a long-standing 
pyloric stenosis who failed to respond for 
five hours after operation with the use of 
curare. Rapid infusion of potassium 
chloride intravenously produced a speedy 
improvement in respiration and a return 
of consciousness. 

Dripps and Severinghaus (1955) have 
recently reviewed the abnormal effects of 
dTC on respiration, incriminating both 
potassium lack and an ability of the drug 
under certain circumstances to have a 
central action. 

The ideas of a central effect of dTC 
and of abnormal respiratory depression by 
relaxants in hypokalaemia are not new; 
the present series of cases reported seems 
to establish an association between these 
two. 


HYPOTHESIS 


In view of the evidence thus available 
it is therefore suggested that the observed 
abnormal responses to relaxants in the 
presence of hypokalaemia might have a 
common basis—an abnormal penetration 
of the C.N.S. by these relaxants. 

d-Tubocurarine is a widespread syn- 
aptic blocking agent, whether at the 
neuromuscular junction, in autonomic 
ganglia, or in the C.N.S. (Nachmansohn, 
1948; Chang, 1953; Paton, 1954), and in 
these three sites potassium will antagonize 
its action (Salama and Wright, 1952b). 

Thus the triad of symptoms described 
earlier could be accounted for on the basis 
of interference within the brain of the 
pathways responsible for consciousness, 
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and of the medullary centres, including 
the respiratory and vasomotor centres. 
The interference with vasomotor activity 
could be accentuated by a blockade of 
sympathetic ganglia, and of the secretory 
power of the adrenal medulla, the 
chromaffin cells of which are functionally 
comparable to postganglionic neurones 
(Malméjac, 1955). 


DISCUSSION 


Although the cases presented suggest an 
abnormal response dependent on hypo- 
kalaemia, with graveness of the response 
roughly parallel to the degree of depletion, 
the serum potassium levels have, on occa- 
sion, given no indication of this. 


Relation to Potassium Metabolism. 

It is unfortunate that no simple reliable 
method exists for estimation of the potas- 
sium depletion of a body; the clinical 
history is often more reliable an indication 
than biochemical tests. 

Body potassium is generally depleted in 
circumstances which combine decreased 
intake and increased loss in fluids derived 
from blood (e.g., urine, gastro-intestinal 
secretions, plasma exudate). This defi- 
ciency of the blood is made good initially 
from the extracellular spaces, but later the 
intracellular stores are drawn upon. By far 
the greater proportion of body potassium 
is intracellular, so that an insignificant 
intracellular loss may make good a large 
blood depletion. When the rate of loss is 
relatively slow it appears that the defi- 
ciency is met initially out of liver and 
muscle stores, during which time brain 
potassium is remarkably constant (Fenn, 
1940; Ferrebee et al., 1941; Darrow and 
Miller, 1942; Davenport, 1949; Wood- 
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bury and Davenport, 1949). But rapid loss 
of this element may draw upon normally 
stable brain stores which are then 
unusually slowly replaced (Swinyard, 
1949). In all this metabolic activity the 
blood level of potassium is merely a reflec- 
tion of the traffic between the intracellular 
spaces and sites of absorption and loss. No 
reliable information of cell levels of 
potassium is obtained therefrom without a 
background of clinical history. On the 
clinical history available, therefore, it is 
suggested that the fatal cases seen, because 
they occurred after a period of prolonged 
loss, might have resulted from depletion 
of the intracellular phase of neurones in 
the C.N.S. of their potassium. 


Blood Brain Barrier. 

The generally assumed absence of cen- 
tral effects with relaxants is thought to 
depend on their selective exclusion by the 
blood brain barrier mechanism. This is 
despite evidence that dTC may pass the 
blood C.S.F. barrier to attain concentra- 
tions in the theca as high as in the blood 
(Mahfouz, 1949). Positively charged ions 
in general are able to penetrate the blood 
brain barrier (Friedemann and Elkeles, 
1934), and dTC may, in fact, be regarded 
as a positively charged ion at the pH of 
body fluids (Kalow, 1954). However, one 
notable difference between brain and 
C.S.F. which affects the entry of sub- 
stances into them from blood is the abun- 
dant lipoid of brain. Thus the inability of 
relaxant drugs to enter brain substance 
may depend on their lack of lipoid solu- 
bility, a property apparently linked with 
the methylated quaternary ammonium 
groups upon which their particular phar- 
macological activity depends (Nachman- 
sohn, 1948; Wright, 1952). 
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Despite this apparent importance of a 
purely physical property in the barrier, 
the blood brain barrier should be regarded 
as a function of living cells, including the 
capillary endothelium within the C.N.S. 
only (Friedemann and Elkeles, 1934; 
Friedemann, 1942; Broman and Lind- 
berg-Broman, 1945), the extracellular 
ground substance of the brain, manufac- 
tured by astrocytes (Hess, 1955a, 1955b; 
Annotation, 1955), the neuroglia itself 
(Clemente and Holst, 1954; Rodriguez, 
1955), and the cell membrane of the neu- 
rone (Aird and Strait, 1944). It would be 
wrong to assume that this important func- 
tion depends on the purely physical 
properties of membranes (Cohen, 1927; 
Wright, 1952), especially when such 
physical properties (depending on lipoid 
solubility, molecular size, or molecular 
ionization) may be overridden so that 
certain desirable substances are taken up 
by the brain (Friedemann, 1942; Albert, 
1952). For these reasons, factors which 
depress cell vitality may be expected to 
alter the selectiveness of the barrier. In 
fact, using appropriate methods, increased 
permeability may be shown to follow 
physical and chemical injury, such as 
after hypoxia, dehydration, histotoxic 
drugs, etc. (Hurst and Davies, 1950). 

On this basis it did not seem unreason- 
able to suggest that loss of potassium, 
which is such an important intracellular 
element, might affect the blood brain 
barrier. Preliminary experiments on rats 
carried out in this department so far indi- 
cate that even minor degrees of depletion 
cause a marked interference in barrier 
permeability. Again, this seems to conform 
with the concept that the barrier may 
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depend on a stable electrical charge within 
a molecular frame of such a nature that 
loss of base from the brain tissue 
(acidosis) impairs the barrier (Report, 
International Congress of Neuro- 
pathology, 1955). 

Lastly, it should be recorded that 
Broman and Lingberg-Broman (1945) 
have found experimentally that bile salts 
will assist the entry of non-lipoid soluble 
substances into the brain. For this reason, 
it is felt, apparent central effects of dTC, 
according to the nonfatal pattern here 
described, have been noted in severely 
jaundiced patients. 

Whatever the mechanism of exclusion 
of relaxants from the brain, experimental 
evidence exists that by raising the intra- 
venous dose to about 3 to 10 times the 
paralysing dose, consistently demonstrable 
interference with C.N.S. function will 
result (Bernhard and Taverner, 1951; 
Bernhard et al., 1951; Ostow and Garcia, 
1949; Pick and Unna, 1945). If this indi- 
cates a “ threshold,” then like other body 
thresholds it may be altered by 
appropriate means. 


Effect of dTC within the Brain. 

The convulsive properties of intrathecal 
dTC have long been known experiment- 
ally, and on occasion observed clinically 
in man (Dundee, 1955). The investigation 
of Salama and Wright (1950, 1952a, 
1952b) is representative of this knowledge 
and has shown a general sequence of 
motor effects with increasing dose. At first 
there is stimulation (increased reflex excit- 
ability) followed by disorganization (con- 
vulsions) ending in suppression of activity 
(paralysis). Their observation of spon- 
taneous-like movements of forelimbs, wide 


opening of eyes, and respiratory stimula- 
tion are perhaps relevant to the 


discussion. 
d-Tubocurarine is widely held to be a 


general synaptic blocking agent (Paton, 
1954), at least in those junctional areas 
where acetylcholine is the chemical trans- 
mitter. It would appear that cholinergic 
transmission is of importance in the inte- 
grated function of the C.N.S. (Feldberg, 
1945, 1950; Feldberg et al., 1953; Good- 
man and Gilman, 1955). There is experi- 
mental evidence that dTC may depress 
the function of the brain stem reticular 
formation (Ostow and Garcia, 1949) and 
of intercortical association tracts (Hart 
and Marrazzi, 1953). In this wise might 
dTC produce unconsciousness in a way 
not unlike anaesthetics, which appear to 
depress rapid synaptic transmission in the 
brain before affecting axon conduction or 
metabolism (Brookes and Eccles, 1943; 
Butler, 1950; Larrabee and Posternak, 
1952; French et al., 1953a, 1953b; Rossi 
and Zirondoli, 1955). 

There is the further relevant experi- 
mental observation that large doses of 
dTC, given intravenously or subcutane- 
ously, may abolish all recordable electrical 
activity in the brain (Ostow and Garcia, 
1949; Pick and Unna, 1945). That this is 
due to total synaptic block seems improb- 
able when there is evidence that acetyl- 
choline is not the only synaptic transmitter 
in the C.N.S. (cf. Feldberg, 1950). 
Perhaps a clue to the cause of this total 
interference is offered by the work of 
Chang (1953), who showed there to be 
both a (extracellular) synaptic blocking 
effect of dTC, and also an (intracellular) 
effect producing a modification of trans- 
mission in the axon. If the belief in the 
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essential role of acetylcholine in nerve 
transmission is accepted (Bullock et al., 
1947; Nachmansohn, 1948), then the 
potent inhibitory properties of dTC on 
brain cholinesterase (Todrick, 1954) are 
of significance. It has been shown that the 
anticholinesterase DFP can destroy body 
cholinesterases, and abolish all nerve 
transmission, thereby causing death 
(Nachmansohn, 1948). It has also been 
shown that dTC, normally unable to 
penetrate nerve, will block nerve trans- 
mission after micro-injection into the axon 
(Grundfest et al., 1952). This requires 
confirmation (Hodgkin and Keynes, 
1956). 

The immediately preceding discussion 
is highly speculative, but it may suggest 
an explanation for the double nature of 
the response described, and it may point 
to a further danger. The properties of 
neostigmine, including anticholinesterase 
activities and lack of lipoid solubility, are 
similar to dTC. If it is postulated that 
dTC penetrates the brain in certain cir- 
cumstances the possibility must exist that 
neostigmine will do likewise in similar cir- 
cumstances. Thus unwanted side effects 
might occur in just those patients who 
show this abnormal susceptibility to dTC. 
As has been shown experimentally, the 
central synaptic block of dTC may be re- 
versed by neostigmine, but not the inter- 
ference with axon conduction (Chang, 
1953). Indeed, the two anticholinester- 
ases, acting together, might intensify the 
latter effect. 


PROBLEMS OF TREATMENT 


It is as yet too early to define lines of 
treatment with any certainty: but it is a 
strong clinical impression that large 
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repeated doses of neostigmine may be 
detrimental (when the antidote does not 
act it is natural to increase the dose), just 
as rapid intravenous infusion of potassium 
may be beneficial. To some extent this has 
been borne out in practice (Riding, 1956). 

The physiological treatment would 
appear to be the replacement of lost potas- 
sium, other electrolytes, and water. Short 
of intrathecal potassium replacement, 
which may produce tetany convulsions 
(Mullin et al., 1938), as well as the more 
desirable respiratory and vasomotor 
stimulation (Bekaert, 1950), rapid intra- 
venous infusion may be the preferred 
route in view of the urgency of the 
situation. 

The total body potassium may be in 
the region of 4,000 mEq (Fenn, 1940), of 
which 1,000 or more may be lost (cf. 
Evans and Milne, 1954). Since the total 
extracellular potassium is only 140-180 
mEq, the danger is apparent of extra- 
cellular overloading by the rapid replace- 
ment of the required amount. 

However, there are ways of decreasing 
the toxicity of intravenous potassium. 
Intravenous calcium will antagonize the 
dangerous effects of a raised blood potas- 
sium (Fenn, 1940) and the administration 
of glucose and insulin hasten the shift of 
potassium into the intracellular space 
(Nabarro et al., 1952) where it is required. 
Electrocardiographic monitoring during 
the infusion may forewarn of toxic effects. 

As always, it is better to prevent the 
sometimes serious effects that relaxants 
may produce in hypokalaemia by an intel- 
ligent anticipation of the possibility, which 
should also suggest the choice of alterna- 
tive anaesthetic methods, combined with 
proper pre-operative preparation. 
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Loss of tissue potassium follows opera- 
tions, during dehydration, starvation, 
diarrhoea, vomiting, and metabolic dis- 
turbances, notably acidosis. Diabetic 
coma, Cushing’s syndrome, and the use 
of adrenal corticoid therapy will also pro- 
duce such a loss (Danowski and Elking- 
ton, 1951). The forewarning offered by 
any such incident in the patient’s recent 
past is often more important in assessing 
the anaesthetic risk than much bio- 
chemical data. 


SUMMARY AND CONCLUSIONS 

Eight cases are described of abnormal 
responses to the antidepolarizing relax- 
ants, d-tubocurarine chloride and 
gallamine. A disturbance of potassium 
metabolism was common to every case, 
sometimes associated with dehydration 
and other electrolyte depletion. The 
nature of these abnormal responses indi- 
cates a central action of these drugs, some- 
times with fatal results. 

For more than ten years competent 
observers have reported abnormal, appar- 
ently central, actions of all the relaxants 
in common clinical use. In many of these 
potassium depletion was a complicating 
factor. 

Two general features are frequently 
recorded: an apparent resistance to the 
relaxant—either depolarizing or anti- 
depolarizing—seemingly produced by 
central motor stimulation. The other 
feature is respiratory depression linked 
with unconsciousness. 

For such central actions to occur, the 
relaxant must pass the blood brain barrier; 
this may be achieved with high blood 
levels of the drug, but it would appear 
that the threshold for penetration may be 
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lowered in certain disturbances of water 
and electrolyte metabolism, of which 
potassium depletion may be the essential 
common feature. 

Reasons for this disturbance of the 
blood brain barrier are discussed together 
with aspects of the central action of d- 
tubocurarine chloride that might account 
for the observed clinical effects. 
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TRIALS WITH CARBOCAINE 
A New Local Anaesthetic Drug 


BY 


B. AF EKENSTAM, B. EGNER, L. R. ULFENDAHL 
K. G. DHUNER AND O. OLJELUND 


CHEMISTRY 


A NEW series of local anaesthetics have 
been synthesized. They all have the 
general formula 


CH, 
oO 

CH, CH, || 
| -1H —_—§C—NH—R, 
CH, CH. 

N 

| 

R, 


where R, represents an aliphatic hydro- 
carbon radical and R: an aromatic hydro- 
carbon group. 

The interest was directed to the 
hydrated pyridine carboxylic acids, as 
hitherto these amino acids have hardly 
been studied as elements of synthesis in 
compounds of this type. 

The formation of an amide between the 
hydrophilic amino acid and the lipoidic 
aromatic radical was chosen because of 
the good general stability of the amide 
linkage. 

The hydrogen attached to the nitrogen 
of the piperidine ring was substituted with 
a hydrocarbon chain of varying length, 
and a great number of different aromatic 
radicals were used as the aromatic part 
(R:). 

The present series of amino acid amides 
have, among others, included compounds 
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with pipecolic, nipecotic and isonipecotic 
acid as the acid part. It was found that 
an increased effect was obtained the 
nearer the carboxylic group was situated 
to the nitrogen of the heterocylic nucleus. 
In the place of pipecolic acid proline can 
be used. 

These cyclic amino acids have two 
stereoisomers in the « as well as in the 4 
positions. So far no evidence has been 
found as to any pharmacological dif- 
ference between the stereoisomers. 

Comparatively extensive pharmaco- 
logical and clinical studies were done with 
d-l-N-methyl-pipecolic acid 2-6-dimeth- 
ylanilide or Carbocaine. It has the 
following structural formula: 





CH, 
CH, CH, 
| oO CH, 
= 
CH, CH—C—NH— 
= CH, 
CH, 


The base has a molecular weight of 246 
and a melting point of 151°C. The mole- 
cular weight of the hydrochloride is 
285.5 and its melting point 261°C. 

The base is poorly soluble and the 
hydrochloride easily soluble in water and 
very resistant to both alkaline and acid 
hydrolysis. 
































PHARMACOLOGY 


The lethal dose 50 (LD50) of Carbo- 
caine when injected intravenously in 
mice was found to be 40.0+4.0 mg/kg 
body weight. 

The same investigation with lignocaine 
and procaine gave 33.3+2.3 mg/kg and 
54.2+5.7 mg/kg respectively. 

Unanaesthetized dogs were injected 
intravenously with increasing doses of 
local anaesthetics. A dose which on 50 
per cent of the dogs caused a reaction 
characterized by drowsiness, dullness, 
loss of balance, and vomiting was 
called “ subtoxic dose 50”. These figures 
were for Carbocaine 7.2+0.6, lignocaine 
2.5+0.5 and for procaine 3.7+0.5 mg/kg 
body weight. 

No toxic reactions were observed with 
rabbits injected daily (subcutaneously) 
for 30 days with 10 mg of Carbocaine. 

Rabbit ears were injected with 1 ml of 
Carbocaine solutions of increasing 
strength; 1.2 and 4 per cent solutions did 
not give any tissue reaction. An 8 per cent 
solution caused in some cases a slight 
darkening of the weal. Bleeding and hae- 
molysis appeared with solutions of 16 and 
32 per cent strength. However, no necro- 
sis or inflammation ensued. 

By means of heat rays focused on mice 
tails a pain reaction was caused. After 
subcutaneous injection of 0.2 ml of a 
1 per cent solution of local anaesthetics at 
the tail base, the time for the absence of 
the pain reaction was measured. This was 
45.6+1.5 min for Carbocaine, 31.5 +3.4 
min for lignocaine, and 21.6+2.1 for 
procaine. 

Intravenous injections of 2 mg/kg body 
weight of Carbocaine in anaesthetized 
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rabbits did not cause a fall in blood pres- 
sure or change in respiration. 


CLINICAL TRIALS 


For about a year Carbocaine has been 
used clinically. Previously lignocaine has 
been the drug favoured in this institution 
for local anaesthesia. For that reason 
it was natural to use lignocaine as the 
control drug for the trials with 
Carbocaine. 


Weal Tests. 

On the forearms on two groups of 
medical students intracutaneous weals 
were raised with 0.3 ml of six test solu- 
tions containing 2, 1 or 0.5 per cent Car- 
bocaine or lignocaine. In one group 
adrenaline 1/100,000 was added to the 
solutions. Not until the whole investiga- 
tion was completed did the investigator 
obtain any information of the content of 
the test solutions. In practically all the 
weals complete anaesthesia was obtained 
immediately. The duration was tested by 
applying an induction current, which 
clearly exceeded the pain threshold for an 
unanaesthetized area nearby. 

Tables I and II show the result of the 
weal tests. In the tests without adrenaline, 
Carbocaine had a longer duration. In tests 
with adrenaline, lignocaine had a slightly 
longer duration in two of the three 
concentrations. 


Anaesthesia. 

Carbocaine was used for anaesthesia in 
652 cases (see table III). 

Satisfactory results were obtained in 
infiltration anaesthesia with 0.5 and 0.25 
per cent solution with or without adrena- 
line. The results did not differ from those 











es- 


en 
1as 
on 
on 
he 
ith 


ils 








TRIALS WITH CARBOCAINE 


505 


TABLE I 


Weal tests without adrenaline. 
The duration of 0.3 ml intracutaneously. 


























Cart >caine Lignocaine 
Duration Standard dev. Duration Standard dev. 
2% 48.9 min s=21.9 min 42.5 min s=23.3 min 
1% 49.7 s=24.0 ,, 338 . s=162 ,, 
$% 32.7 s=198 ,, ae . s= £7 ,. 
25 weals within each concentration. 
TABLE II 
Weal tests with adrenaline. 
The duration of 0.3 ml intracutaneously. 
Carbocaine Lignocaine 
Duration Standard dev. Duration Standard dev. 
2% 317 min s=70 min 332 min s=67 min 
1% 298 ,, s=57 ,, . — s=84 ,, 
4% 289 ,, s=47 ,, as . s=6]1 ,, 
24 weals within each concentration. 
Taste Il DISCUSSION 


List of cases anaesthetized with Carbocaine 








Small infiltrations ... sae! Peake on 211 
Larger infiltrations ..._... seer Rae 117 
Thyroids el gett ty cau oss A 
Hernias ee ie ae so 
Epidural blocks seni Sais Gy VS Tele 157 
Caudal blocks Ae ee ics Se 
Nerve blocks ... ame sila ible hed 167 
Brachial plexus blocks ... ... 100 
Total 652 





obtained with lignocaine. Caudal and 
brachial plexus blocks, which in this 
hospital are used frequently, were 
selected for a detailed study. All cases 
done during the time of investigation both 
with Carbocaine and lignocaine are 
reported. 

For brachial plexus blocks 20 ml of a 
2 per cent solution was used, lignocaine 
with adrenaline 1/80,000 and Carbocaine 
with adrenaline 1/100,000. For caudal 
blocks 20 ml of a 1 per cent solution with- 
out adrenaline was used. 


The clinical tests with Carbocaine 
confirm that this drug has very good 
anaesthetic properties. In infiltration 
anaesthesia both Carbocaine and ligno- 
caine showed excellent and_ similar 
results. It is, however, impossible in these 
types of anaesthesia to make any proper 
evaluation of the two drugs. This was 
possible, however, in certain types of 
block anaesthesia and caudal and brachial 
plexus blocks (tables IV and V) were 
chosen for this investigation. In this rather 
small number of cases the time of onset 
and anaesthetic failures must be con- 
sidered the same with the two drugs. In a 
few cases a fall in blood pressure oc- 
curred; in none of them was it severe. 
Other than that, nausea and vomiting 
were the only complications. With the two 
drugs no statistical difference in the num- 
ber of complications can be observed. 

In caudal block Carbocaine showed a 
longer duration of anaesthesia than 
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TasBLe IV 
Brachial plexus blocks. 
Carbocaine Lignocaine 

Number of cases... ...... 100 193 
incomplete anaesthesia ..._... 9 9% 18 9.3% 
Anaesthesia worn off ..._... - - 3 1.6% 
Fall in blood pressure ..._... 5 5% 13 6.7% 
Nausea Die esp > <as - - 4 2.1% 
Time of onset ft ae iad 14.4 min (48 cases) 14.6 min (44 cases) 

Standard dev. see AD 8.5 im 
Duration aaa or a ta 258 (38 cases) 238 » (42 cases) 

Standard dev. ‘i a 39 42 i 

TABLE V 
Caudal blocks. 
Carbocaine Lignocaine 

Number of cases ... 3 a 135 284 
Incomplete anaesthesia ... 7 5.2% 26 9.2% 
Anaesthesia worn off ... 2 1.5% 17 6.0% 
Fall in blood pressure ... 7 5.2% 23 8.1 
Nausea Sat. ios 7 ann 8 420 
Nausea + vomiting ‘ Ne ~ Jo K 4 —s 
Time of onset <: as ali 19.0 min (78 cases) 19.0 min (69 cases) 

Standard dev. oe oe - go 11 we 
Duration fe sas ie wae 173 .. (29 cases) 126 » (28 cases) 

Standard dev. aaa a 43 - 37 . 





lignocaine. This difference was statistic- 
ally significant, and the same tendency 
was observed in brachial plexus blocks. 

In this rather small number of cases 
Carbocaine has shown excellent anaes- 
thetic properties. In comparing this drug 
with lignocaine the impression favours 
Carbocaine. 


SUMMARY 


A new series of local anaesthetics 
based on hydrated pyridine carboxylic 
acid amides, is described. One of these 
compounds rac. N-methyl-pipecolic acid 


2-6-xylidide (Carbocaine) was inves- 
tigated pharmacologically, and submitted 
to clinical trial. The results raise expecta- 
tions that Carbocaine may prove to be of 
great value as a local anaesthetic drug. 


Clinical tests: 
K. G. Dhunér and O. Oljelund, 
The Sahligren Hospital, 
University of Gothenburg. 
Chemistry : 
B. af Ekenstam and B. Egnér, 
The Research Laboratory of AB Bofors. 
Nobelkrut. 
Pharmacology : 
H. R. Ulfendahl, 
The Institution of Physiology, 
University of Uppsala. 
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TRICHLORETHYLENE RECONDENSED 
The Implications of a Modification 


BY 


PATRICK A. FOSTER 
AND 
Ursula M. Topp 


Department of Anaesthesia, University of Liverpool 


SOME recently introduced models of the 
Boyle’s pattern anaesthetic machine have 
been modified to make it impossible to 
introduce trichlorethylene (TCE) vapour 
into any circle absorber apparatus fitted 
to the machine. This is achieved by the 
use of a two-way tap that locks the TCE 
vaporizer control off when gases are 
directed to the carbon dioxide absorption 
apparatus. To facilitate the design the 
TCE vaporizer bottle has been shifted 
from its conventional position next to the 
flowmeters, changing places with the ether 
vaporizer. 

Although this minor change seems to 
have been made purely to simplify the 
design of the interlocking tap, it would 
appear to correct another fault in the 
design of the machine. A basic precept in 
the design of any anaesthetic machine 
should be that where a common flow of 
gases passes through vaporizers in series 
the liquid having the lowest boiling point 
should be volatilized first. In this way re- 
condensation of the vapour of the liquid 
in the early part of the train is less likely 
to occur in later liquid reservoirs. 

That such recondensation does occur in 
the older pattern of Boyle’s machine is 


easy to show. After a period of use of both 
ether and TCE vaporizers, liquid TCE 
can be recovered from the ether reservoir. 


PROCEDURE 


The apparatus used was a standard 
B.O.C. Boyle’s machine with metal rota- 
meters and a Magill rebreathing attach- 
ment, with bag excluded, discharging 
freely. The TCE bottle was mounted next 
to the bank of rotameters so that the gas 
flow passed through it before entering the 
ether container. A flow of oxygen of 
2 1./min and of nitrous oxide of 6 1./min 
was used throughout. 

Initially, both ether and TCE controls 
were set to full “on”, and the plungers set 
just to cover the openings of the J tubes. 
The bottles were filled to their normal 
maximum levels (ether 10 oz. (300 ml), 
TCE 100 ml), and no ether water jacket 
was used. After one hour the ether bottle 
was refilled to its original level and the 
experiment continued for a further hour. 
It was felt that these settings represented 
conditions of induction and maintenance 
not uncommonly seen in clinical practice, 
although smaller concentrations are 
adequate. 
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Samples were withdrawn from the ether 
container with a safety pipette cooled to 
the temperature of the ether, and placed 
in a precooled glass-stoppered bottle for 
later estimation of their TCE content. 

In table I are shown the ether temper- 
ature, rate of evaporation, and the TCE 
recondensation. 

A second experiment was carried out 
under conditions similar to the above, but 
with both controls at full “on” and both 
plungers fully depressed, thus bubbling 
the gases through both liquids. This was 
done for a 15-minute period only. 

During this process a mist was seen 
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swirling within the ether bottle—the mist 
cleared rapidly when the TCE control was 
switched off. This, in fact, provides visual 
evidence of the TCE vapour recondensing. 

At the end of the 15-minute test period 
a little over 1 ml of liquid TCE was found 
to have recondensed within the copper J 
tube of the ether unit. This did not occur 
in the previous experiment where a lower 
TCE concentration was used, nor did it 
occur when the second experiment was 
repeated without any ether in the 
container. 

Table II shows the results of this 
experiment. 























TABLE I 
Vol T° In ether bottle 
TCE Vol ether ether TCE Vol. 
Time ml oz (ml) "< TCE% ml Remarks 
1055 100 10 (300) 16 0 0 Sample 1 
1100 8} (262.5) 5 
1105 8 (240) 1 
1110 95 74 (225) —1.5 TCE present Sample 2. 4 oz withdrawn 
1110 7 (210) approximately 0.5% from ether 
1120 —2.7 
1130 90 54 (165) —3.5 
1140 4+ (135) —4.0 
1150 85 3} (112.5) —6.0 
1155 34 (105) —6.0 1.2 1.26 Sample 3. $ oz withdrawn 
1155 3 (90) from ether 
1156 10 (300) 7.0 Ether bottle refilled 
1205 80 9 (270) —0.5 
1220 77.5 8 (240) —3.0 
1230 75 6} (202.5) —4.7 
1240 6 (180) —5.5 
1250 70 54 (165) —6.0 
1255 70 5 (150) —6.0 1.5 2.25 Sample 4 
Room temperature 17°C. TCE temperature at start 17°C. 
TCE temperature after 2 hours 10°C. 
TABLE II 
Vol r In ether bottle 
TCE Vol ether ether TCE Vol. 
Time ml oz (ml) “Cc TCE% ml Remarks 
1130 32 10 (300) 16.0 0 0 Sample 5 
1145 26 44 (135) —6.5 3 4 Sample 6 





Room temperature 17°C. TCE temperature at start 17°C. 


TCE temperature after 15 minutes 6°C. 
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TRICHLORETHYLENE RECONDENSED 


The copper J tube from an ether unit 
was also investigated to determine the 
amount of chloride in the verdigris, in 
order to discover whether there was any 
decomposition of the TCE in contact with 
this metal. These results indicated that 
over half the combined copper in the ver- 
digris was bound to chloride as the cupric 


salt. 
CHEMICAL METHODS 


For the determination of the TCE content of ether, 
a modification of the method described by Brain 
(1949) and Brain and Helliwell (1949) was used. 

0.05 ml of the specimen was made up to 5 ml with 
anisole and added to 3 ml 10M NaOH and 5 ml 
pyridine in a 6” X}” pyrex test tube. This was im- 
mediately placed in a boiling water bath for 10 
minutes, and was stirred continuously. At the end 
of this time the tube was removed from the water 
bath, 1 ml of 0.025M tetraethylammonium hydroxide 
reagent added, and the contents stirred for a further 
minute. After cooling, the upper pyridine layer was 
removed with a pipette and transferred to a Spekker 
cuvette in which there had been placed 0.5 ml of 10M 
NaOH. Both the pipette and cuvette had been pre- 
viously swept through with oxygen to remove traces 
of CO,. The intensity of the colour reaction was read 
in a Spekker photo electric absorptiometer against a 
water cell, using a blue-green filter of 490m» trans- 
mission. These readings were compared to standards 
of 0.5 per cent and 1.0 per cent v/v of TCE in ether. 
Specimen 6, containing 3 per cent of TCE, was doubly 
diluted in anisole to bring it within the correct colour 
intensity range. All procedures were carried out in 
subdued daylight or artificial light. 

The reader who intends to use this method is re- 
ferred to the original articles, since various precau- 
tions must be taken as the colour reaction is unstable. 
It is essential to use a fume cupboard for the heat 
reaction. 

The inside of a copper J tube from a Boyle’s 
machine ether vaporizer assembly was washed through 
with 100 ml of 0.88 ammonia to remove the surface 
copper salts of the verdigris. One ml of this was 
diluted with distilled water until the colour was 
sufficientiy pale, and the chloride content determined 
by titration with AgNO, using potassium chromate 
as an indicator. Glacial acetic acid was used to 
neutralize the ammonia before titration. 

A further 10 ml of the copper solution in ammonia 
was evaporated to dryness, and heated in a crucible 
to allow the formation of black cupric oxide. From this 
weight the quantity of copper present in the whole 
specimen was determined. 

Of the total quantity of 56.72 mg Cu removed by 
the washing with ammonia, it was found that 33.98 
mg were combined with chloride as the cupric salt. 
That more than half of the copper salts so obtained 
were combined with chloride might suggest that a 
significant degree of TCE decomposition takes place 
in contact with the copper tube. 
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DISCUSSION 

It is apparent from the foregoing 
investigation that when the gases in a 
Boyle’s machine pass first over TCE and 
then over ether, recondensation of TCE 
occurs, and TCE liquid accumulates 
within the ether. Since the blue dye in 
Trilene brand of TCE is not volatile, 
there is no visual indication of this 
process. 

That this should occur appears likely 
on purely theoretical grounds. The closer 
the temperature of a liquid is to its boiling 
point the more rapidly it evaporates. The 
process of evaporation, converting liquid 
into vapour, requires heat. Unless heat is 
supplied from an outside source the liquid 


cools. 
Ether, with its boiling point of 34.6°C, 


obviously evaporates more readily than 
TCE, with a boiling point of 87.1°C. 
Thus ether cools more readily. 

In the Boyle’s machine this difference 
in cooling between ether and TCE is 
increased because of the smaller surface 
area of TCE exposed for evaporation. The 
latent heat of vaporization of TCE is also 
considerably less than that of ether. 

Whilst the gases in the Boyle’s machine 
quickly attain room temperature, they 
may be rapidly cooled when passing 
through the vaporizer bottles. This cool- 
ing of the gases decreases the amount of 
any vapour they will carry. Thus the 
vapour derived from a warmer liquid may 
become oversaturated when passing over 
a colder liquid, and so recondense some 
of the vaporized liquid it is carrying. This 
has occurred in the present experiments. 

For this reason it would seem desirable 
to place low boiling point liquids earlier 
in a vaporization series than those with a 
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high boiling point. Generally speaking, of 
the volatile anaesthetic liquids in common 
use, those with a low boiling point will 
always cool more rapidly and to a lower 
temperature than those with a higher 
boiling point. 

There is at least a theoretical danger 
in this recondensation when ether from 
the Boyle’s machine is used in a to-and- 
fro technique with a Water’s canister. 
This danger would be greatly increased 
when the contents of the ether bottle have 
rewarmed to room temperature. At room 
temperature the vapour pressure of TCE 
ranges from 6 per cent of atmospheric 
pressure at 20°C to 12 per cent at 30°C, 
but it is very close to zero at the tempera- 
ture reached in a cold ether container 
(- 10°C—MaclIntosh and Mushin, 1946). 
These vapour strengths should be com- 
pared to the TCE concentrations of 0.5 - 


2.0 per cent used clinically, and to the 


still smaller amounts, which, when 
breathed over soda lime, will produce 
neurological damage (Ostlere, 1953). 

It is the practice in some hospitals to 
“top up” the level in the ether bottle 
during daily use, discarding the contents 
only after several days. In this way a 
considerable amount of TCE could 
accumulate in the ether bottle, where its 
decomposition might be assisted by con- 
tact with copper parts or the use of a hot 
water jacket. 

Although it is undesirable to use such 
concentrations of TCE as may be obtained 
by bubbling anaesthetic gases through its 
liquid, it is apparent that knowledge of 
this fact has not permeated as widely 
throughout the world as the use of the 
Boyle’s machine. As long as this is so, and 
as long as it is possible accidentally to set 


BRITISH JOURNAL OF ANAESTHESIA 


the controls of the machine at this excess 
level, the danger will exist of recondensa- 
tion of TCE within the J tube of the ether 
assembly. Here it is unseen and not 
removed by routine maintenance. On re- 
warming to room temperature, any gas 
passing through this J tube will pick up 
a high concentration of TCE. 

High altitudes and hot temperatures 
greatly increase the volatility of TCE 
without much affecting temperature fall 
of ether. So it may be that even the more 
restrained use of the TCE controls in such 
climes could result in such recondensation 
within the ether assembly. 

Another aspect of this problem is the 
effect on the vapour strength delivered by 
the machine. It must follow from the 
present results that the TCE vapour 
strength delivered by the machine falls 
when the gases subsequently pass over 
cold ether. Owing to the variations in 
the ether temperature it is not possible to 
predict what such a fall might be: how- 
ever, it undoubtedly and happily limits 
the overdose that may be given by the 
overenthusiastic user. 

One criticism may be levelled at the 
revised arrangement of the new Boyle’s 
machine. If ether should recondense into 
the TCE bottle, the vapour derived there- 
from may be explosive. Although this 
possibility has not been investigated in this 
report, it is thought to be unlikely on 
theoretical grounds, since in such a TCE/ 
ether mixture the ether will evaporate 
about ten times more readily at room tem- 
perature. (Vapour pressure of ether at 
20°C = 460 mm Hg, of TCE=46 mm Hg.) 
Since TCE has a specific heat a little less 
than ether, the mixture may cool a little 
more quickly than pure ether. However, 
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at these lower temperatures (below 0°C) 
ether will be about twenty times as vola- 
tile as TCE. (It was a similar dissimilarity 
in evaporation rates that made ether/ 
chloroform mixtures unpredictable in 
use.) Thus it seems that the possibility of 
ether accumulating in the TCE container 
is remote. In any case the temperature in 
the TCE container will, for practical 
purposes, never be lower than that of the 
ether liquid, and thus not favour 
recondensation. 


CONCLUSIONS AND SUMMARY 
In the Boyle’s machine, if the stream of 
anaesthetic gas is first passed through the 
trichlorethylene vaporizer and _ then 


through the ether vaporizer, trichlor- 
ethylene liquid may recondense in the 
ether. When the TCE vapour approaches 
saturation, its liquid may further recon- 


dense within the cooled J tube of the ether 
assembly. Reasons for this are offered, 
together with experimental proof. 
The disadvantages of this recondensa- 
tion are: 
(1) The danger of the use of this ether 
subsequently in an apparatus con- 
taining soda lime. 
(2) The danger of decomposition of the 
trichlorethylene by the copper 
parts in the ether assembly. 
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(3) The unpredictable decrease in tri- 
chlorethylene vapour strength that 
may result. 


For these reasons it is suggested that 
older models of the Boyle’s machine 
should be modified in a manner similar 
to the latest model by placing the ether 
vaporizer first and the trichlorethylene 
vaporizer second in the serial gas train. 
This can easily be done by interchanging 
the J tubes and plungers. Should this be 
done, it might be of advantage to modify 
the trichlorethylene control so that a 
saturated vapour can never be delivered; 
this is because a machine modified in the 
manner described will deliver a greater 
quantity of volatile anaesthetics at its 
maximum setting. 
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THE T-PIECE TECHNIQUE IN ANAESTHESIA 


An Investigation into the Inspired Gas Concentrations 


BY 


JOHN S. INKSTER 
Department of Anaesthetics, University of Durham 


SINCE its introduction in 1937 (Ayre) 
there have been few detailed investiga- 
tions of practical value, apart from the 
mathematical analysis of Mapleson 
(1954), into the concentrations of carbon 
dioxide and nitrous oxide occurring in the 
inspired atmosphere when the T-piece 
technique is used. 

The difficulties of such an investiga- 
tion, especially when the subject is an 
infant or child, become less if we accept 
a mechanical “ patient ”. The reconstruc- 
tion, with reasonable accuracy, of the 
conditions which prevail in a subject of 


SUCTION PUMP 


a certain age is possible only with fairly 
comprehensive data; this data has only 
recently become available. Figures for 
respiratory rate, tidal volume and dead 
space have been provided by the work of 
Hall (1955) and are reproduced in table I. 
Additional information in respect of 
carbon dioxide production has been 
obtained from the work of Lewis et al. 
(1937). 

The arrangement of the apparatus used 
in this investigation is shown diagram- 
matically in figure 1, and consists of a 
pump, the rate and stroke of which is inde- 
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Taste I 
Values for tidal volume and respiratory rate 
(after Hall) 
Age Tidal vol. Rate 
6 months 64 ml 55/min 
12 months 79 mil 45/min 
18 months 131 ml 33/min 
2 years 143 ml 30/min 
3 years 156 ml 31/min 
4 years 180 ml 30/min 
5 years 192 ml 28 /min 
6 years 199 ml 27/min 
7 years 204 ml 30/min 
8 years 228 ml 25/min 





pendently variable. A reservoir bottle, the 
capacity of which can be altered by the 
addition or removal of acidulated water, 
was interposed between the pump and 
tubing of bore and capacity such as to 
represent the dead space. Alteration of 
the capacity of the reservoir bottle per- 
mitted the correct value for the lung 
volume of a particular “ patient” to be 
reproduced, and carbon dioxide was con- 
veniently introduced at the appropriate 
rate into it. 

Samples of gas were aspirated from the 
distal end of the “trachea” and the 
carbon dioxide and nitrous oxide concen- 
trations determined by passing the sample 
through an infrared gas analyser. The 
sampling was performed automatically. 
Electromagnetic valves were opened at 
any desired phase of the respiratory cycle 
by means of a cam placed on the axle of 
the motor driving the respiratory pump. 
This allowed suction from a small suction 
pump to be applied through the infrared 
analyser to the sampling point. 

In this system the factors operating 
which influence the carbon dioxide con- 
tent of the inspired gases and the extent 
to which they are diluted with atmospheric 
air are: (1) the rate of fresh gas inflow; 
(2) the carbon dioxide production; (3) the 


minute volume of the patient; (4) the 
capacity of the limb on the T-piece. 

It is to be expected, as shown theoreti- 
cally by Mapleson, that no rebreathing 
will occur, nor will there be dilution of 
the anaesthetic mixture, if the fresh gas 
inflow equals or exceeds twice the minute 
volume. 

The interval between the end of one 
expiration and the commencement of the 
next inspiration, considered in relation to 
the rate of fresh gas flow, is another factor 
of importance, since upon this relationship 
depends the extent to which the T-piece 
limb is cleared of expired gas. Where this 
interval is very short, however, for 
example, in infants and children, this 
clearance effect is minimal. In this investi- 
gation, dealing generally with rapid rates 
of respiration, it has been assumed that 
this minimal clearance state has prevailed 
and investigations of the effects of altera- 
tion of this factor have not been pursued. 
It is to be expected that, at a particular 
inflow rate, the inspired CO: percentages 
will be less with a longer respiratory 
pause. 

When the fresh gas inflow is equivalent 
to less than twice the minute volume the 
carbon dioxide content of the inspired gas 
and the extent to which the anaesthetic 
mixture is diluted is dependent on the 
capacity of the limb on the T-piece and 
minute volume of the patient. 

The comparative importance of these 
variables may be demonstrated if we 
compare the effect on the inspired carbon 
dioxide percentage of altering the minute 
volume, firstly by changing the rate and 
secondly by changing the tidal volume. 
These effects are demonstrated in figures 
2 and 3. It is easily seen that a much more 
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significant alteration in the inspired 
carbon dioxide concentration results when 
the minute volume is altered by changing 
the depth of respiration than when the 
alteration results from an alteration in the 
rate. 

The relative importance of the capacity 
of the limb was investigated. An arbitrary 
point for fresh gas inflow equivalent to 
150 per cent of the minute volume was 
chosen and the capacity of the T-piece 
increased in twenty millilitre increments. 
On each of these occasions the “effective” 
dead space was measured. “Alveolar” gas 
samples were obtained by altering the size 
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and position of the cam, and since the tidal 
volume and carbon dioxide output were 
known the effective dead space could be 
calculated. Figure 4 demonstrates the 
result of such an investigation. In the 
particular circumstances detailed, at a 
fresh gas inflow equivalent to 150 per cent 
of the minute volume, no increase in the 
effective dead space above the anatomical 
value resulted until the capacity of the 
limb exceeded a value of 30 per cent of 
the tidal volume. 

Alterations in the effective dead space, 
measured as described above, result in 
corresponding alterations in the inspired 
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carbon dioxide concentrations in the 
manner demonstrated in figure 5. The 
effective dead space in any particular 
circumstance is dependent upon the fresh 
gas inflow, and with a fresh gas inflow 
equal to twice the minute volume the 
effective dead space is equivalent to 
the anatomical value only and the in- 
spired carbon dioxide concentrations are 
negligible. 


INSPIRED CARBON DIOXIDE PER CENT 
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Because of the multiple variables and 
their possible combinations, certain typi- 
cal situations had to be selected for test. 

The results of estimations of carbon 
dioxide and nitrous oxide concentrations 
in the inspired air under circumstances 
which might prevail in a six-month-old, 
three-year-old and seven-year-old child 
are shown in figures 6, 7 and 8. In these 
cases the fresh gas inflow consisted of 
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70 per cent NO and 30 per cent O: and certain inflow is in use the curves will Ci 
was varied over a range of 0-10 litres per indicate the inspired percentages. B 
minute. The latter value is expressed in In abnormal states, as demonstrated in Pi 
the graphs as a percentage of the minute figure 9, even with the highest CO: pro- @ 
volume. duction likely to be compatible with spon- in 

Knowing from the figures reported by taneous respiration, a fresh gas inflow of sk 
Hall the likely tidal volume for the age 2: times the minute volume will guarantee w 
of a certain child, the minute volume can that there is neither a significant degree — m 
be roughly estimated. Reference to these of rebreathing nor dilution of the anaes- C 
curves, choosing the most appropriate for thetic gases. ce 
the case and the length of the T-piece, Investigations have been made into the 
will indicate the fresh gas inflow necessary inspired carbon dioxide concentrations 


to avoid rebreathing and dilution; or if a 


occurring in the adult, using a 120-ml 
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capacity “reservoir” limb on the T-piece. 
By means of a tap in the circuit the 
patient’s inspiration could be diverted to 
expand a bag into which the whole of the 
inspired gases were collected. The results 
show that, as expected from the preceding 
work, a fresh gas inflow equal to twice the 
minute volume resulted in an inspired 
CO. concentration of less than 0.05 per 
cent, or when equal to the minute volume 


oO 


the inspired gases contained an average 
of 0.8 per cent CO2. 
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THE T-PIECE TECHNIQUE 


BY 


PHILIP AYRE 
From the Department of Anaesthetics, Newcastle upon Tyne 


SINCE the T-piece technique was first 
described nearly twenty years ago (Ayre, 
1937) various criticisms and modifications 
have been suggested from time to time, 
and the present moment may be opportune 
for a brief appraisal of the situation before 
the essential simplicity of the original 
technique becomes irretrievably lost in a 
tangled web of expiratory valves and 
corrugated tubing. 

Primarily intended for endotracheal 
anaesthesia of infants and young children 
undergoing operation for the repair of 
hare-lip and cleft palate, the T-piece 
(fig. 1) consists of a light metal tube 1 cm 
in diameter, into which nitrous oxide- 
oxygen supplemented by minimal ether is 
“injected” through a small inlet tube at 
right angles to the main limb. One end of 
the T-piece is connected to the endo- 
tracheal tube, while the other end is left 
open to the air: a length of rubber tubing 
attached to the open end constitutes a 
small reservoir for the anaesthetic gases, 
most of which would otherwise escape into 
the outside air. The internal diameter of 
the reservoir tube should be 1 cm (area of 
cross-section 0.78 sq.cm), so that each 
inch in length will have a capacity of 
approximately 2 ml. For adults, a slightly 
larger tube may be used with an internal 
diameter of 1i cm and a capacity of 
3 ml per inch (2.5cm) in length. There 
is no practical advantage in exceeding 
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these measurements, and 


corrugated 
rubber tubing should not be used as a 
reservoir tube because of the greatly 
increased “dead space’’ present. 
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Diagram of T-piece 


RATE OF FRESH GAS INFLOW 


It is commonly supposed that with a 
system open to the air there must be some 
dilution of the anaesthetic gases inhaled 
by the patient. While this may be perfectly 
true, and sometimes even desirable, it is 
possible, by increasing the flow of nitrous 
oxide and oxygen, to exclude air altogether 
from the system and thus achieve genuine 
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gas-oxygen anaesthesia without air dilu- 
tion. It might be thought that the com- 
paratively high flow rate required to 
exclude air would be unduly extravagant 
and wasteful of nitrous oxide; but the 
following simple calculations will show 
that this is not necessarily so, especially 
where babies and children are concerned. 

In order to exclude air from the inspired 
gases the flow of nitrous oxide and oxygen 
from the Boyle’s apparatus must be at a 
rate which will satisfy the minute volume 
requirements of respiration. As the aver- 
age duration of the inspiratory phase of 
respiration is only one-third of the time 
taken for a complete respiratory cycle the 
total fresh gas inflow into the T-piece 
must be at least three times the minute 
volume of the patient. This high rate of 
gas inflow would in most cases be very 
extravagant, but by incorporating a reser- 
voir tube on the open end of the T-piece 
a much lower flow rate will be sufficient. 
Thus, if the capacity of the reservoir 
tube is equivalent to one-third of the tidal 
volume of respiration, the flow of nitrous 
oxide and oxygen may be correspondingly 
reduced (by one-third) to twice the minute 
volume. In clinical practice a fresh gas 
inflow of 12 to 2 times the minute volume 
of the patient will usually ensure that 
there is no dilution of the inspired anaes- 
thetic gases. To avert criticism from out- 
raged physicists, it should be explained 
that these computations are only approxi- 
mate, and are intended to illustrate the 
general principles affecting gas flow into 
the T-piece. 


ELIMINATION OF EXCESS CARBON DIOXIDE 


Providing the fresh gas inflow into the 
T-piece conforms with the principles 
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enumerated in the preceding paragraph, 
there should be no rebreathing or appreci- 
able retention of carbon dioxide in the 
reservoir tube. For example, if the cubic 
capacity of the reservoir tube is roughly 
equivalent to one-third of the patient’s 
tidal volume, it follows that during the 
expiratory phase of respiration two-thirds 
of the tidal volume will be exhaled into 
the outside air and will pass completely 
out of the system. The expired gases still 
remaining in the T-piece and reservoir 
tube will be so-diluted and displaced by 
the incoming flow of anaesthetic gases 
from the Boyle’s apparatus that the per- 
centage of carbon dioxide ultimately 
remaining in the system will be very small. 
Clinically, this is borne out by the quiet 
and effortless respiration normally seen 
when the T-piece is used. 

In comparing various methods of 
nitrous oxide-oxygen administration, 
Woolmer and Lind (1954) claim that 
elimination of carbon dioxide is inefficient 
when the original T-piece technique is 
used, and state that they found a carbon 
dioxide content of 2.7 per cent in the 
reservoir tube. As the tube used in their 
experiments consisted of corrugated 
rubber tubing with a capacity of 
550 ml—about four times the normal 
capacity, even for adults—their investiga- 
tions appear to be somewhat wide of the 
inark, so far as the present technique is 
concerned. 


EXPERIMENTAL INVESTIGATION OF 
THE T-PIECE 


Although from a clinical point of view 
the T-piece technique has given highly 
satisfactory results during the last twenty 
years, it must be admitted that the exact 
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composition of the inspired gases has been 
a matter for conjecture, some anaesthetists 
holding the view that so much air enters 
the system that the anaesthetic effect of 
the nitrous oxide is negligible. Recently, 
Professor Pask suggested that experiments 
should be carried out to determine the 
degree of dilution present in the inspired 
gases, together with the carbon dioxide 
content, and thus provide a more rational 
basis for the administration of anaesthesia 
by this method. The experimental investi- 
gations were carried oyt by Dr. John 
Inkster, First Assistant in the Department 
of Anaesthetics, who was able to repro- 
duce the working conditions of T-piece 
anaesthesia in the laboratory: as a result 
of which it was possible to carry out gas 
analysis at leisure, and without the dis- 
turbing prospect of a subsequent coroner’s 
inquest on the patient. 

Two interesting and important pieces 
of information emerged from the experi- 
mental investigations, which are described 
elsewhere in this issue: 

(1) When the fresh gas inflow into the 
T-piece reaches a critical ratio, the con- 
centration of nitrous oxide and oxygen in 
the inspired gases is maximal and there 
is no dilution by air. According to varying 
conditions the ratio ranges from 1} to 2} 
times the minute volume, which corre- 
sponds with the theoretical calculations 
made earlier in this paper. 

(2) If the capacity of the reservoir tube 
does not exceed one-third of the tidal 
volume, there is no increase in the 
“effective dead space”, and no excess 
carbon dioxide will be present in the 
inspired gases. This holds good when the 
fresh gas inflow is not less than 1} times 
the minute volume. 
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As it is unlikely that facilities will be 
available for estimating the tidal volume 
and minute volume of each patient, the 
figures given in standard textbooks of 
physiology may be used as a basis for 
calculating the required rate of flow for 
nitrous oxide-oxygen when using the 
T-piece. It should be remembered that 
normal respiration can vary greatly under 
different conditions, especially in infancy; 
but the figures given by Hall (1955) for 
babies and children up to the age of 8 
years are very helpful, as they are the 
result of observations made under general 
anaesthesia. 

The following table may be used as an 
approximate clinical guide to the gas 
inflow and reservoir capacity required for 








Capacity of 
Gas inflow reservoir tube 
Age (litres / min.) (ml) 
0-3 months 3-4 6-12 
3-6 months 4-5 12-18 
6-12 months 5-6 18-24 
1-2 years 6-7 2442 
2-4 years 7-8 42-60 
4-8 years 8-9 60-72 





children of different ages. The term “gas 
inflow ” includes both nitrous oxide and 
oxygen, the average percentage of oxygen 
ranging from 100 per cent for a small 
infant to 25-30 per cent for older child- 
ren. 


T-PIECE ANAESTHESIA FOR ADULT 
PATIENTS 


Although other methods of nitrous 
oxide-oxygen administration will usually 
be more suitable for adult patients, the 
T-piece may sometimes be used in cer- 
tain operations in the region of the head 
and neck, where it is important to reduce 
vascular congestion to a minimum: such 
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THE T-PIECE TECHNIQUE 


operations include the removal of a brain 
tumour and other neurosurgical pro- 
cedures, and alsomany E.N.T. operations. 
In these cases a fresh gas inflow of 12-15 
litres/min, with a reservoir tube capacity 
of 150 ml, will be required to prevent 
dilution of the anaesthetic gases; but in 
many instances a much smaller flow of 
6-9 litres/min, with a reservoir tube 
capacity of 72-84 ml, will provide ade- 
quate anaesthesia, especially when the 
patient has been premedicated with 
morphia or a barbiturate. Under these 
conditions, a moderate degree of air dilu- 
tion will have no serious effect on the 
general level of anaesthesia, and may be 
preferable to using an extravagantly high 
flow of nitrous oxide. Trichlorethylene, or 
other volatile anaesthetic, should of course 
be used to supplement the nitrous oxide 
and oxygen. 


SUMMARY 


In writing this account of the clinical 
aspects of the T-piece technique, it is 
hoped that some of the questions often 
asked concerning the rationale and prac- 
tical details of administration have been 
answered. No reference has been made to 
other “ modifications” incorporating the 
principle of the T-piece, because it is felt 
that they are outside the scope of the 
present article. The T-piece technique is 
presented as a simple and trouble-free 
method of endotracheal anaesthesia es- 
pecially suitable for infants and young 
children. Owing to the absence of a re- 
breathing bag and expiratory valve, there 
is virtually no resistance to respiration 
and vascular congestion is reduced to the 
minimum. The small capacity of the 
“reservoir tube”, which can be adjusted 
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to proportions suitable for the tidal 
volume of the smallest infant, effectively 
prevents any increase in the “dead 
space ”’, so that the carbon dioxide content 
of the inspired gases is for all practical 
purposes within normal limits. Last, and 
perhaps not least, the T-piece technique is 
safe and easy to use. 
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GLASGOW AND WEST OF SCOTLAND 
SOCIETY OF ANAESTHETISTS 


The above Society has the following pro- 
gramme arranged for 1956-57: 


Saturday, October 20, 1956. 
Joint Meeting with Association of Anaes- 
thetists of Edinburgh, to be held in Edin- 
burgh. 


Friday, November 16, 1956. 
Dr. R. Woolmer (Bristol): “The Investi- 
gation of Anaesthetic Problems.” 


Tuesday, fanuary 22, 1957. 
Dr. E. B. Hendry (Western Infirmary): 
“Fluid Balance Associated with Anaes- 
thesia.” 


Thursday, February 21, 1957. 
Members’ Night. 


Thursday, March 21, 1957. 
Presidential Address: Dr. A. M. Brown. 


Friday, May 3, 1957. 
Annual General Meeting. 


The Meetings are held at the Royal Faculty 
of Physicians and Surgeons, 242 St. Vincent 
Street, Glasgow, C.2, at 8.15 p.m. Tea is served 
from 7.45 to 8.15 p.m. 
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CARDIORESPIRATORY ARREST FOLLOWING LOCAL 
ANAESTHESIA 


BY 


R. R. GILFILLAN 
Arbroath Infirmary, Angus 


THE risks attendant upon the use of 
amethocaine and allied local anaesthetics 
prior to minor thoracic surgical investiga- 
tions are widely appreciated, but the 
actual mortality is probably very low 
indeed, although no comprehensive figures 
are available. The following case shows 
several features of interest. 


A 34-year-old housewife was admitted to the 
Thoracic Unit on December 6, 1955, for investigation 
of bronchiectasis. On December 8 bronchoscopy was 
performed under local anaesthetic—approximately 
3 ml of amethocaine with 5 minims of 0.1 per cent 
adrenaline were employed and examination was 
completed without incident. 

At Il a.m. on December 14, an hour after the 
administration of 4 grain (20 mg) papaveretum and 
1/150 grain (0.45 mg) scopolamine, the pyriform 
fossae were swabbed with amethocaine 1 per cent 
and adrenaline, an endotracheal tube (1 cm bore) was 
inserted prior to bronchography and | ml of ametho- 
caine was run into each main bronchus, i.e. a total 
of rather less than 3 ml of 1 per cent amethocaine. 

Within a few seconds the patient became deeply 
unconscious, and feeble twitching of the limbs was 
noted. The radial pulse became weak and rapid and 
respirations slow and shallow. Oxygen inflation with 
positive pressure was begun almost immediately by 
pressure on the rebreathing bag of a _ Boyle's 
apparatus, but the patient continued to deteriorate and 
some 2 minutes later cardiac arrest supervened. 
There was no response to the intravenous injection 
of 6 mi of coramine. 

Following an interval stated by three independent 
observers as from 2 to 3 minutes a high midline 
epigastric incision was made. There was no bleeding 
from this wound. The cupola was high and lax and 
the heart was easily thrust against the chest wall to 
produce palpable pulsation of the radial pulse, so it 
was deemed unnecessary to incise the diaphragm. 
After 10 seconds of vigorous massage feeble contrac- 
tions were felt and thereafter there was gradual 
resumption of a fairly strong rapid regular rhythm. 
Positive pressure oxygen inflation was maintained. 

The patient’s condition continued to improve till 
11.25 a.m., when limb twitching recurred; 250 mg 
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of thiopentone was then administered slowly by 
intravenous route and the convulsions ceased. The 
abdominal wound was then closed in layers following 
the instillation of 1,000,000 units of penicillin at 
11.45 a.m. 

Catheter aspiration of considerable quantities of 
frothy pink sputum was necessary at frequent 
intervals. At | p.m. the endotracheal tube was replaced 
by an airway and oxygen was administered inter- 
mittently. By 10 p.m. the patient was conscious though 
somewhat confused. On the following morning 
recovery seemed complete, but a chest radiograph 
showed a total right pneumothorax. This responded 
rapidly to intercostal tube drainage. There was no 
evidence of fistula. 

The tube was removed on the following day. A 
complete neurological and psychiatric examination 
was made by Dr. Fraser Steele, whose findings were 
essentially normal. Cardiovascular examination includ- 
ing e.c.g. was made by Dr. K. G. Lowe. This, too, 
showed no residual damage. 

The patient was allowed up on December 17 and 
was discharged on December 29. 

She was last seen as an out-patient on February 27, 
1956, when she stated that she managed most of her 
housework (she has six children) and that postural 
coughing and breathing exercises had reduced her 
sputum below nuisance level. 


Certain aspects of this case seem to 
merit further comment. 

(1) The fact that previous topical anal- 
gesia with amethocaine had been without 
incident suggests that some degree of 
sensitization had been effected. 

(2) Despite the prolonged cerebral 
anoxia there was no damage to the c.n.s. 

(3) No aseptic precautions were taken, 
yet there was no subsequent peritoneal or 
wound infection. 

(4) The right spontaneous pneumo- 
thorax is a puzzling feature and although 
it may have been unrelated it is tempting 
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to infer that the degree of the positive 
pressure artificial respiration may have 
been a factor in its production. Also in 
this connection it is obvious that consider- 
able respiratory embarrassment would 
have attended a surgical approach through 
the 4th or Sth left interspace as has been 


frequently advocated. Probably a trans- 
abdominal approach, supplemented if 
necessary by incision of the diaphragm, 
would be the safer procedure. 
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BOOK REVIEW 


Recent Advances in Pharmacology (2nd edition). 
By J. M. Robson and C. A. Keele. Published 
by J. and A. Churchill, Ltd. Illustrated. 
Price 40s. 


Of all the basic sciences physiology and phar- 
macology are the mainstays of anaesthesia, and 
in them at least it behoves all progressive anaes- 
thetists to keep abreast of the times. Yet in recent 
years, so rapid has been the development and 
extension of knowledge that the latter subject has 
undergone a complete revolution. In the words 
of a recent article (Jones, 1956): “Until the 
1930’s pharmacology was a subject which dealt 
largely with ineffective remedies, although there 
were a few notable. exceptions, such .as insulin, 
morphine, digitalis and liver extract. It still con- 
tained great masses of medical folklore, it was 
still concerned with pill-rolling and the recogni- 
tion of herbs, with aperients and purgatives, 
essential oils and tonics. Then the formidable 
armamentarium of modern medicine appeared in 
the field with almost dramatic suddenness. .. .” 

This “dramatic suddenness” has apparently 
caught many of the older clinicians on the wrong 
foot, and even the younger generation are having 
their work cut out to maintain contact with “ the 
recent advances” in this rapidly developing 
subject. 

Any aid or review must therefore be wel- 
come, and this second edition in the “Recent 
Advances ” series cannot fail to be of the greatest 
importance to anaesthetists. There are of course 
some sections of the volume which will be of 
exclusive interest to research workers and teachers 
of pharmacology, but it contains whole chapters 
and large sections of chapters which will be of 


great help to clinicians and in particular to anaes- 
thetists. 

The authors in their preface remark: “ We are 
fully aware that some important branches of phar- 
macology have not been dealt with but it is not 
our purpose to produce a complete textbook . . .” 
and the reader will look in vain for a review of 
recent work on analgesics, their antagonists, or the 
newer anaesthetic drugs and the tranquilizing drugs 
are referred to only in relation to the treatment 
of hypotension. Nevertheless, admirably com- 
piled and worth the purchase price are the excel- 
lent reviews on the sympathetic amines, the neuro- 
muscular blocking drugs, the hypotensive drugs, 
histamine and 5-hydroxytryptamine, chlorpro- 
mazine and the anti-emetics. There is an eminently 
readable and laudably clear section on the adrenal 
corticoids in which the concept of stress and its 
“ neuro-vegetative-disconnection theories ” are put 
in proper perspective. What could be more 
balanced than “. . . it is difficult to escape a strong 
impression that various types of nocuous stimuli 
do produce changes in the body which are of 
importance and deserve study . . .”? 

Other subjects which are reviewed, important for 
anaesthetists, but perhaps of less direct interest, 
are the newer antibiotic and anticoagulant drugs. 
The final chapter is a fascinating review of the 
control of body function by chemical substances 
which will give much food for thought. 

It is not difficult to appreciate the vast amount 
of work which has gone into the preparation of 
this volume for which we can only be extremely 
grateful to the authors. T. Cecil Gray 


REFERENCE 
Jones, A. Morgan (1956). Brit. med. J., 2, 494. 





ON CHLOROFORM AND OTHER ANASTHETICS 
THEIR ACTION AND ADMINISTRATION 


BY 


JOHN SNow, M.D. 
Licentiate of the Royal College of Physicians 
(Continued from page 485) 


Case 46 occurred in the practice of Dr. 
Roberts, a surgeon-dentist of Edinburgh. 
The patient was a lady, thirty-six years of 
age, to whom Dr. Roberts had adminis- 
tered chloroform on four previous 
occasions within a twelve-month. Dr. 
Roberts says the chloroform was admin- 
istered in the usual way, by which he 
means on a handkerchief. He says: 
“Mrs. H. had only taken about nine ‘or 
ten inspirations, obtaining but a partial 
influence of a quantity short of 3 iss poured 
out from the bottle, and inhaling it for 
a space of time certainly less than a 
minute, when she said, ‘you must not 
operate until I am quite insensible;’ and 
again, ‘I am not over yet; and immedi- 
ately, even while speaking, she gave a con- 
vulsive start, and with a stertorous inspira- 
tion, and with eyes and mouth open, sunk 
to the floor.” Dr. Simpson was sent for, 
and arrived within five minutes. Artificial 
respiration was resorted to, and after it 
had been applied for a time, there were a 
few spontaneous inspirations, and the 
pulse, it is said, could be perceived at the 
wrist; but these symptoms of reviving 
animation disappeared. 

At the examination of the body, the 
right cavities of the heart were found 
gorged with blood. The walls of the right 


ventricle were thinner than natural, and 
affected to a certain extent with fatty 
degeneration.* 

A paragraph was inserted in some of the 
Edinburgh Newspapers, and forwarded by 
Dr. Roberts to the Lancet,= in which it 
was implied that death in this case was not 
caused by the chloroform. It is, however, 
like the preceding case, a well marked in- 
stance of the sudden and fatal action of 
this agent. 


Case 47. A sailor, aged thirty, died 
whilst inhaling chloroform in St. Thomas’ 
Hospital, in October 1856, preparatory to 
having some necrosed bone removed from 
one of his fingers. “ He did not appear to 
be in robust health; still there was no 
obvious reason against his having the 
chloroform, which was accordingly ad- 
ministered as follows. One drachm was 
poured on a sponge folded between two 
thicknesses of lint, and this held at a little 
distance from his mouth, while he was sit- 
ting in a chair. He appeared to be going off 
very comfortably, when the chloroform 
was left off for from half a minute to a 
minute, and then resumed. He now began 
to raise his hands and tremble, and kept 





* Edin. Med Jour., 1855, p. 524. 
+ 1855, vol. ii, p. 479. 
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spitting in the lint, and appeared as if 
about to vomit. Suddenly he was violently 
convulsed through his whole frame, as if 
in an epileptic fit. The chloroform was at 
once discontinued, and he was laid in a 
semi-horizontal posture. The convulsion 
only lasted for a few seconds, and when it 
had ceased he began to breathe with effort 
and puffing of the lips, and almost im- 
mediately to gasp irregularly. His pulse 
was almost imperceptible and intermit- 
tent. Artificial respiration was at once 
performed by alternate compression and 
relaxation of the walls of the chest, the 
tongue being held out of the mouth by the 
forceps. Ammonia was applied to the 
nostrils, and cold water dashed in the face, 
and in about a minute he rallied so as to 
breathe without assistance, but in a few 
seconds he relapsed, and could not be 
recovered. 

“At the post-mortem examination 
there was found to be fatty degeneration 
of the heart, liver, and spleen, and the 
membranes of the brain were thickened. 
The lining of the ventricles presented a 
peculiar pitted appearance, apparently 
from inflammatory deposit. The brain 
itself was pale.”* 

It was ascertained after the man’s 
death that he had been of intemperate 
habits, and had had an attack of delirium 
tremens three weeks previously. In the 
report of this case in the Association 
Medical Fournal, the following is the 
account of the appearances met with after 
death. In the autopsy in the present case, 
which we observed with particular care, 
the brain was in a state of oedema and 
bloodlessness, very like the brain in a 


patient who died from chloroform in the 
Ophthalmic Hospital. The liver was 
fatty but the heart seemed the very 
model or type of the healthiest kind of 
heart. All the other organs were also 
healthy.” t 


Case 48 is related by Mr. Paget as 
follows. “I am anxious to place before 
the profession, at the earliest opportunity, 
a narrative of a case in which chloroform 
proved fatal in my private practice. 

“The patient was a boy nine years old, 
of delicate constitution, and of nervous, 
timid disposition; but with no indication 
of any organic disease, except that for 
which the operation was to be performed: 
namely, a tumour of the scapula; for 
which it was proposed to remove the 
greater part of that bone. 

“ At half-past eight A.M. on February 
28th, after the patient had passed a night 
of sound sleep, the chloroform was first 
administered in a room adjoining that in 
which the operation was to be performed. 
He was alarmed at the thought of being 
put to sleep, and of what would then be 
done and was very averse from taking 
chloroform, but he was persuaded to 
inhale it; and, though not without resist- 
ance, yet with less than is commonly made 
by patients of the same age, he was 
brought under its full influence in about 
three minutes. He sat in bed during the 
first few inspirations, and after these, was 
recumbent. It was observed that two or 
three deep inhalations were quickly fol- 
lowed by complete insensibility; and the 
next few inspirations were stertorous. He 
was at once carried, in the horizontal 





* Medical Times and Gazette, 1856, vol. ii, p. 442. 


+ Association Med. Jour., 1856, p. 903. 
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posture, into the room, and laid on the 
table arranged for the operation. 

“Three or four minutes passed while 
we were arranging his position and his 
dress, and while I was pointing out to 
those who were to assist me the proposed 
plan of operation. During this time the 
influence of the chloroform so far passed 
off, that he became sensible, displaced his 
coverings and pillows, said something 
expressive of discomfort, and vomited a 
small quantity of frothy fluid. (He had 
taken no food since the previous night, 
when he had had a good supper). A very 
small quantity more of chloroform was 
slowly inhaled, and he became again 
nearly quiet, and was again placed on his 
side. I was on the point of commencing 
the operation, but as he again, by move- 
ments, indicated some degree of sensi- 
bility, and changed his posture, about 
forty drops more of chloroform were 
poured on cotton wool, inclosed in a fold 
of lint,—An inhaler, with the chloroform 
on sponge, having been previously used. 
The lint was held, about half an inch from 
the face, by Mr. Thomas Smith, my usual 
assistant in operations. The patient in- 
haled lightly for a few times, then made 
one long inspiration, and appeared to pass 
at once into deep sleep. Except that he 
thus appeared to come suddenly under the 
full influence of chloroform, no external 
change was visible; but, a few seconds 
later, his pulse, which had been carefully 
watched, and had been to this time nor- 
mal, suddenly began to beat very quickly; 
then it ceased for two or three seconds; 
then beat rapidly several times, with a 
kind of flickering movement; and then 
ceased to be perceptible. 

“Just before this change of the pulse 
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was observed, the chloroform had been 
withdrawn. The one deep inspiration was 
followed by a few stertorous breathings, 
but after these he breathed naturally, his 
complexion and features showed no 
change, he seemed only calmly asleep, and 
in this state he continued breathing natu- 
rally, and with no change in his appear- 
ance, but pulseless, for at least a minute. 
Then his breathing became less frequent, 
and seemed as if it might soon cease; his 
face grew pale, and his lips very slightly 
livid. 

“With the help of cold water sprinkled 
on his chest and face, and cold air biown 
on his face and throat, he was raised from 
this state of defective breathing in about 
two minutes, and again breathed deeply 
and freely, though slowly, (probably about 
twelve times in the minute.) He thus 
breathed for two or three minutes, and 
during this time the lips, and the pale or 
slightly livid parts of the face became pink 
again, and though no pulse could be felt 
at the wrists, the heart was heard acting. 
During this time, also, some wine and 
brandy were poured into the mouth, and 
passed down the cesophagus, but without 
any evident movements of swallowing. His 
breathing again became gradually infre- 
quent and feeble. Cold air and sprinkling 
with water, frictions and percussions of 
the chest, scarcely increased the breath- 
ing, and in less than two minutes it 
ceased. Artificial respiration, by the 
method of Dr. Marshall Hall, was im- 
mediately employed, and many times 
during the first five minutes of its employ- 
ment the artificial inspiration obtained, 
when turning the body over to its side, was 
followed by a distinct, and sometimes 
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even a full muscular inspiration. But at 
the end of about five minutes, these signs 
of life ceased, faeces escaped, and no more 
indications of life appeared, though the 
artificial breathing, the friction of the 
limbs, and other means for resuscitation, 
were continued for twenty or more 
minutes. 

“I refrain, at present, from all com- 
ments on this case. Only I wish to call 
particular attention to the fact that good 
breathing was maintained, and, after a 
suspension, was renewed, long after the 
heart had ceased to act with sufficient 
force to produce a pulse at the wrist. And 
I would add, that this narration is sanc- 
tioned and considered to be exact, by the 
four gentlemen who were to have assisted 
in the operation, and to whom I am greatly 
indebted for their counsel and assistance in 
the greater difficulty that we had to cope 
with.””* 


Case 49. This case occurred in the 
Liverpool Infirmary on April 5, 1857, and 
is related by Mr. Allan, the resident 
officer who administered the chloroform. 
The subject of the case was a labourer, 
aged 35, on whom Mr. Bickersteth was 
about to perform amputation of the thigh 
on account of gangrene following the liga- 
ture of the femoral artery. He had inhaled 
the chloroform six days previously with- 
out ill effects, when the femoral artery was 
tied for popliteal aneurism. On the day of 
the accident, he was first rendered insen- 
sible in the ward by chloroform poured on 
a piece of lint which was held a short dis- 
tance from the nose and mouth. Having 
partially recovered during his removal 





* Medical Times and Gaz., 1856, vol. i, p. 236. 
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into the operating theatre, the chloro- 
form was reapplied, and Mr. Allan relates 
what occurred as follows: “About half a 
drachm of chloroform was now poured on 
some lint, which was held to the nostrils, 
and he then became fully under the in- 
fluence; respirations good; pulse fre- 
quent, feeble. The operation was about 
to be commenced, and I was pouring 
about twenty minims more chloroform on 
the lint, (having pronounced the patient 
to be in a fit state,) so as to be ready to 
give him some more as occasion required, 
but had not applied it, when, turning 
round, I noticed something peculiar in his 
general appearance, and, on lifting up the 
eyelid, found the pupil dilated, and the 
lid did not close over on the removal of the 
finger; the eyes were slightly turned up. I 
at once felt for the temporal artery, but 
there was no pulsation, and none detected 
in the left wrist; the respirations had al- 
most ceased. The head was lowered, cold 
water was dashed on the face, and the 
abdomen struck with the palm of the 
hand; the finger thrust into the mouth 
(there was no action of the heart felt); the 
legs were elevated, and a wet towel was 
dabbed over the epigastrium. After one or 
two blows, the respirations became better. 
and seemed good, and in about two 
minutes a pulse was felt at the wrist. This 
continued between two and three minutes, 
the respiration being good. His pulse then 
began to fail, and in about a minute more 
the respirations were less. The tongue was 
seized with a pair of forceps, and drawn 
forwards, and artificial respiration tried, 
and ammonia held to the nostrils; but he 
was becoming livid in the face, so the 
Ready Method was at once adopted, and 
this produced apparently a few natural 
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respirations. But the pulse had gone, and 
in about two minutes more there was no 
breathing save artificial. About the time 
that the pulse stopped, there was a convul- 
sive movement of the muscles of the leg, 
and a slight clamminess of the skin suc- 
ceeded. The Ready Method was con- 
tinued for half an hour, and galvanism 
tried, but without avail. From the time he 
was placed on the table to his death, or 
the cessation of natural respiration, about 
ten minutes elapsed.” 

The writer adds: “ He apparently sank 
from syncope, or cessation of the heart’s 
action, for his respiration had been good 
just before he changed, and it continued 
for a second or two, though faint, when the 
pulse had stopped; and after the respira- 
tion had been restored, and was very good, 
the pulse was very feeble, and ceased-two 
minutes before the respiration.” 

At the autopsy on the following day, the 
brain was found to be healthy, tolerably 
firm, and pale; the lungs were healthy; the 
right cavities of the heart contained some 
fluid blood, which afterwards coagulated 
on exposure, and a small clot. The left 
cavities also contained some blood. The 
muscular tissue of the heart had an un- 
healthy look, and very readily tore, but no 
oil globules were discovered with the aid 
of the microscope.* 


Case 50 occurred in King’s College 
Hospital, August 7th, 1857. The follow- 
ing is the account of the case furnished by 
Mr. C. Heath, the House-surgeon : — 

“The patient [Ann Stoner] was a 
female, aged seventeen, under Mr. Par- 
tridge’s care, with syphilitic warts and 
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mucous tubercles. She was admitted 
July 8th, and had had chloroform ad- 
ministered twice, in order that the sores 
might be touched with nitric acid, and, on 
both occasions, not the slightest ill effect 
was produced. On Friday evening last, 
chloroform was again administered for the 
same purpose; only a drachm was put into 
the inhaler (Snow’s), and as soon as she 
became unconscious the inhaler was re- 
moved, and the acid applied. I and my 
assistant (who administered the chloro- 
form), then went to see another patient in 
the same ward, and then washed our 
hands, during which time the patient was 
moving her legs about much as they do 
when recovering, and in addition she made 
water over the bed. I gave directions to 
the nurse to apply a poultice as usual, and 
left the ward, having been up to the bed 
first without noticing anything unusual 
about the patient. In a few minutes the 
nurse came down for some medicine for 
another patient, and mentioned that this 
one was looking very pale: I sent up Mr. 
Liddon to see her at once; he found her 
pale and senseless, dashed some water 
over her, and called me, and I went up 
immediately. I found her pulseless and 
cold, and immediately commenced arti- 
ficial respiration (Marshall Hall), and 
sent for the galvanic battery; this was 
brought and applied without affect, and 
the artificial respiration was continued for 
twenty-five minutes without the slightest 
effect being produced.”’t 

I was present at the examination of the 
body on the following day. The mouth 
sore and swollen from the effects of the 
inunction of mercury There were a few 






































* Lancet, 1857, vol. i, p. 429. 








+ Med. Times and Gaz., 1857, vol. iii, p. 171. 
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drachms of clear serum in the pericar- 
dium. The heart was large for the size of 
the patient. There was a patch of organised 
lymph on the pericardium, covering the 
left ventricle. The right cavities of the 
heart were full of dark fluid blood, and the 
left cavities contained a little. The mitral 
valve was much thickened, but the other 
valves were healthy. The lungs were 
healthy, and not much congested. The 
brain was healthy. The patient had suf- 
ferred from acute rheumatism before 
entering the hospital. 

It will be observed that the pulse is not 
mentioned in the above case, until its 
absence is alluded to, when the patient 
was already cold, and the breathing is not 
alluded to throughout the account; indeed, 
it is not known when the patient died. She 
was alive after the application of the nitric 
acid, as she was observed to move her legs, 
but further than this there is no clear 
evidence. 

It is perhaps an open question whether 
this patient died at once from the direct 
effects of the chloroform, or whether she 
died after partially recovering and going 
on favourably for a time. The account 
would, at first view, seem to favour the 
latter opinion, but it is not corroborated by 
any other case. Patients have been 
partially recovered from the effects of an 
overdose, without being entirely restored, 
and others have sunk after great opera- 
tions, attended with hemorrhage, when 
the effects of the chloroform had more or 
less subsided, but there is no instance of a 
patient going on favourably, and partially 
recovering from the influence of the 
vapour, and then dying suddenly without 
any other known cause. Patients have 
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occasionally become faint whilst recover- 
ing from chloroform, more especially if 
they remain in the sitting posture, but in 
those cases the right side of the heart is 
probably insufficiently supplied with 
blood; whilst, in the case under considera- 
tion, the patient was lying, and the right 
cavities of the heart were found full after 
death, the serum in the pericardium show- 
ing that they had probably been distended 
when death took place. If Mr. Heath had 
made any observation which enabled him 
to say that the patient was really alive, 
when he went up to the foot of the bed, 
before leaving the ward, it would decide 
the question, and show that death did not 
take place at once from the direct effects 
of the chloroform, but he only makes the 
negative remark that he did not notice 
anything unusual about the patient. 

I had an opportunity of examining the 
particular inhaler employed, and found 
that it was so arranged that the vapour 
might be breathed from it in much greater 
proportion than would be safe, if pre- 
cautions were not taken to leave the 
expiratory valve a considerable way open, 
especially when the high temperature of 
the weather at the time is taken into 
account. 

(To be continued) 





ERRATUM 
In the book review on page 458 of the October 
issue, owing to an error, the quotation as given 
is wrong. It should have read: “ Circled through 
all experiences, pure law, commeasure perfect 
freedom.” 














CORRESPONDENCE 


DUAL ACTION OF SUXAMETHONIUM CHLORIDE 


Sir,—Dr. H. J. Brennan in his excellent paper 
(Brit. 7. Anaesth., 28, 159) and Dr. H. C. 
Churchill-Davidson in his letter (Brit. 7. Anaesth., 
28, 342) discuss a topic which has been occupy- 
ing our attention for some time, and which is 
already a subject of a preliminary report to be 
published elsewhere (Hodges and Foldes). 

It has been generally accepted that non- 
depolarizing (“competitive”) and depolarizing 
neuromuscular blocking agents have a mutually 
antagonistic effect (De Pierre, 1950; Hutter and 
Pascoe, 1951; Paton and Zaimis, 1952). Dripps 
(1953), however, found a significantly higher 
incidence of abnormal respiratory responses when 
d-tubocurarine followed the administration of 
decamethonium, and one of us (R. J. H. H.) has 
observed repeatedly that relatively small doses of 
d-tubocurarine caused apnoea in patients in whom 
muscular relaxation had been maintained pre- 
viously by suxamethonium chloride, either in a 
continuous infusion or by intermittent injections, 
a similar observation to that described by 
Brennan with suxamethonium chloride and 
gallamine. : 

This phenomenon has recently been studied 
closely with patients who were lightly anaes- 
thetized with thiopentone and nitrous oxide- 
oxygen. When the depth of anaesthesia had been 
stabilized and control values of respiratory rate, 
tidal volume, and minute volume were obtained, 
a test dose of d-tubocurarine (0.15 mg/kg) was 
injected intravenously. This dose produced a 
moderate (+2 to —25 per cent) and transient 
(6-12 minutes) change in tidal volume. When 
tidal volume returned to the control value, an 
0.16 per cent solution of suxamethonium 
chloride was infused intravenously (40-100 
minutes) at rates (0.09 to 0.14 mg/kg/min) 
sufficient to decrease the tidal volume to less 
than 50 ml. After discontinuing the suxame- 
thonium drip and the return of the tidal volumes 
to control values (8-314 minutes), a second 0.15 
mg/kg dose of d-tubocurarine was injected intra- 
venously. In contrast to the minimal effects of 


the first dose of d-tubocurarine, apnoea, which 
persisted from 16 to 32 minutes, developed in 
all patients within 1 to 34 minutes. The end of 
the apnoea was followed by marked respiratory 
depression. When the tidal volume returned to 
100 ml (in 22-52 minutes) atropine (0.4 to 0.6 
mg) followed by neostigmine (0.75 to 1 mg) was 
injected intravenously. The administration of 
neostigmine in every case resulted in the return 
of the tidal volume to control values in 1 to 3 
minutes. 

Adequate oxygenation of the subjects was 
maintained by the application of assisted or 
controlled respiration when required. The course 
of a typical case is given in table I. 








TABLE I 
Subject W. G., male, age 32, 62 kg. 
Tidal 
Time (in volume Drug 
minutes) (ml) administered Remarks 
0 294 d-Tubocurarine ) 
0.15 mg/kg | 
3 278 Ble 
” \ Spontaneous 
6 392 ( respirations 
7 Intravenous 
infusion of | 
0.16 per cent J 
suxamethonium } 
chloride 
started 
2 | 
a * Assisted 
12-S7 25-50 | respirations 
57 Infusion of | 
suxamethonium | 
stopped J 
63 407 Spontaneous 
respirations 
65 d-Tubocurarine ) Assisted 
0.15 mg/kg SJ respirations 
66 Apnoea 
66-89 0 
90 ait | Controlled 
« respirations 
100 100 Atropine 0.6 mg J : 
Assisted 
, respiration 
103 100 Neostigmine P 
1 mg. \ Spontaneous 
105 400 ' J respirations 
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CORRESPONDENCE 


Changes in the sensitivity of the endplate to 
depolarizing neuromuscular blocking agents in 
animals was also reported by Zaimis (1951), 
Zaimis and Churchill-Davidson (1952), and 
Thesleff (1955) have shown that, when acetyl- 
choline block is produced in an isolated frog 
nerve-muscle preparation, after the initial 
depolarization the end-plate will become re- 
polarized, despite the continued presence of 
acetylcholine and the persistence of the neuro- 
muscular block. 

Since the physiological resting state of the 
endplate is the polarized state, it is conceivable 
that when it is exposed to the effect of depolariz- 
ing drugs like suxamethonium, fcr prolonged 
periods, changes might occur in the endplate 
which make it resistant to depolarizing influences, 
e.g. acetylcholine. Under such circumstances it 
is not surprising that the administration of 
relatively small doses of nondepolarizing neuro- 
muscular blocking agents, which further de- 
crease the sensitivity (increase the resistance) 
of the endplate to acetylcholine, have an additive 
effect and cause profound neuromuscular block. 

The hypothesis here presented is consistent 
with these experimental findings, and underlines 
the suggestion that it is the response of the 
endplate and not the action of the drug which 
changes. 
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It is of moment to note here that, similarly, 
increased sensitivity to small doses (0.75 mg/kg) 
of gallamine was also observed after the pro- 
longed administration of suxamethonium chlo- 
ride, and in the same way the administration of 
decamethonium was found to sensitize patients 
to both d-tubocurarine and gallamine. The 
same interrelationship between the depolariz- 
ing and nondepolarizing muscle relaxants was 
observed in dogs (Foldes et al., to be published). 


R. J. HAMER HopceEs, 

Portsmouth Group Hospital and 
Thoracic Surgical Unit, 
Southampton. 


F. F. FoLpeEs, 
Mercy Hospital, Pittsburg, 
Pennsylvama. 
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FACULTY NEWS 


In the final examinations held in July 1956 for 
the Fellowship in the Faculty of Anaesthetists 76 
candidates presented themselves for the examina- 
tion and 28 were successful. The following were 
the successful candidates : 


Brown, D. E. L’Estrange, T. J. 
Bourke, T. D. Liu, S. 

Burtles, R. Lumsden, J. D. 
Conway, C. M. MacPhail, I. 
Crampton, C. C. Meldrum, W. D. 
aS = Cente mete. 

» W. S. eresa Rita 
gg As C. Rowe, Barbara Mary 
eet ti Skinner, P. A. 
Hughes, D.C Topping, Sheila Morgan 
Hurter, D. G. Verner, I. R. 

Jowell, D. M. Walsh, R. S. 
Langdon-Herring, L. Ward, C. S. 
Levin, J. Wolfson, B. 


ROYAL SOCIETY OF MEDICINE, 
SECTION OF ANAESTHETICS 


REGISTRARS’ PRIZE 


The Anaesthetic Section of the Royal Society of 
Medicine is able to offer a Prize of £30 for the 
best paper submitted by those of Senior Registrar 
and Registrar status in the National Health 
Service working in a clinical Anaesthetic Depart- 
ment. Fellowship of the Royal Society of 
Medicine is not necessary for entry. 

The subject will be of the author’s choice but 
must be connected with anaesthesia. All papers 
must be submitted by March 1, 1957. Further 
details and rules of the Prize can be obtained 
from the Honorary Secretary, Anaesthetic 
Section, Royal Society of Medicine, 1.Wimpole 
Street, London, W.1. 


BOOK REVIEWS 


Thiopentone and Other Thiobarbiturates. By 
John W. Dundee, M.D., F.F.A.R.C.S., D.A. 
Published by E. & S. Livingstone, Ltd., 
Edinburgh and London. Pp. 297. Price 
22s. 6d. 


A drug such as thiopentone, of great and wide- 
spread use, fully deserves a monograph, and Dr. 
Dundee has written a very full account of the 
information available about it. He has chosen a 
somewhat encyclopaedic approach; this brings into 
the volume not only much useful information 
about its pharmaco-dynamics, its physiological 
effects, the hazards attached to its use, its 
methods of administration and a number of similar 
barbiturates more recently developed, but also a 
great deai on topics less directly relevant. Thus 
the history of hypodermic injection as well as of 
barbiturates, the worldwide statistics of their use, 
their methods of synthesis, a discussion of hazards 
as much to do with anaesthesia in general as with 
thiopentone in particular, and a full description of 
apparatus (including a plate of 9 modifications of 
the Gordh needle) are also dealt with. For the 
reviewer this broad approach brings usefulness 
in reference and a good general view of the 
subject; and these gains outweigh the occa- 
sional difficulty of finding a particular piece 
of information. For the general reader this treat- 
ment may be too full; but Dr. Dundee has 
compiled careful summaries, and the chapters are 
well designed for selected reading if necessary. 
Welcome features are a full discussion of the more 
recent knowledge about the abbreviation of barbi- 
turate action by absorption in fat-depots, and the 
up-to-date but sensibly conservative account of 
analeptics. A notable omission, given the wide 
canvas on which Dr. Dundee has chosen to paint, 
is the lack of reference to barbiturate addiction, 
whose manifestations, as Isbell has said, are “ in 
most ways more serious than those of addiction 
to morphine.” A few misprints were noted, of 
which the following might mislead the reader: 
p. 200, line 16, for “ marked” read “ masked ”; 
p. 216, line 10, for “ (novus actus) interolniens ” 


read “ interveniens ”; p. 273, line 7, for “ dig- 
oxin” read “ digitoxin.” 

The book will be of great value as a reference 
for those with some knowledge of the subject, and 
also, given a teacher’s advice, to the more 
intelligent student. 

W. D. M. Paton 


Anaesthetic Accidents. By V. Keating, M.B., 
Ch.B., D.A., F.F.A.R.C.S. Published by 
Lloyd Luke. Price 25s. 


Dr. Keating in his preface almost apologises 
for the amount of space he has devoted to 
physiology and pharmacology, but his apology is 
unnecessary and his decision to be commended, 
for unless the normal is understood and the action 
of anaesthetics and other drugs on the normal is 
appreciated the causes of such accidents as do 
occur will be a matter of guesswork rather than 
of reasoned deduction. In spite of the fact that 
he has spent most of his anaesthetic life in isolated 
places, by his wide reading he has managed to 
bring together in this volume the knowledge 
obtained by specialists and researchers in anaes- 
thesia in all the countries where such has been 
carried on. In so doing he has done much to 
achieve the object with which he set out, namely, 
to bring up-to-date knowledge in compact form 
to anaesthetists who may be similarly isolated and 
who perhaps have not the energy and initiative 
to consult so many authorities as he himself has 
done. Indeed, he has done much more than make 
a collection: he has assimilated what he has 
collected and given his readers the benefit of his 
thought. Considering the number of works to 
which he refers it is not surprising that there 
are mistakes. The first two references that I looked 
up were both wrong, but readers should not be 
discouraged, as by reference to the text and a 
little imagination and trouble these will no doubt 
lead them to the reference meant. I was unfortu- 
nate but had very little difficulty in finding the 
reference intended. 

E. Falkner Hill 
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